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ABSTRACT 

An  effort  to  chronicle  Illinois  tornadoes  occurring  prior  to  1916  is  summarized.  From  the 
more  than  440  total  Illinois  tornado  occurrences  identified  in  the  literature  from  that 
period,  the  list  was  culled  to  325  individual  events.  Annual  and  mean  monthly 
frequencies  are  shown  and  discussed  relative  to  the  modem  record. 

The  present  tornado  data  set  includes  location,  time,  and  to  a  lesser  extent,  number 
injured,  number  killed  and  damage  for  each  tornado  event.  Prominent  tornadoes  from  the 
record  are  discussed,  as  data  are  available. 

INTRODUCTION 

The  history  of  tornadoes  in  Illinois  is  rather  well  known  since  the  mid-1950s  (e.g.,  see 
Wilson  &  Changnon,  1971;  and  Wendland  &  Guinan,  1988).  That  record  is  believed  to 
be  essentially  complete  since  the  U.S.  Weather  Bureau  inaugurated  a  concerted  effort  to 
record  all  such  events  at  that  time.  Earlier, tornado  accounts  may  be  suspect  since  a  record 
of  such  a  small  scale  event  is  largely  dependent  on  population  density,  awareness,  and 
maintenance  of  a  continuous  record.  Although  the  U.S.  Army  Signal  Corps  and  U.S. 
Weather  Bureau  accepted  tornado  information  for  archival  purposes  through  the  years,  a 
complete  and  continuous  record  only  exists  since  the  mid-1950s. 

In  spite  of  the  incomplete  nature  of  earlier  tornado  records,  useful  information  of  a 
climatological  nature  can  be  gleaned.  This  paper  represents  an  initial  attempt  to 
document  the  record  of  Illinois  tornadoes  prior  to  1916.  The  present  total  of  325  Illinois 
tornado  events  is  incomplete,  but  non-repetitive,  in  that  each  reported  tornado  herein 
represents  a  separate  event.  Apparent  multiple  tornado  events  were  deleted  from  the  first 
list  if  two  or  more  such  events  were  recorded  on  the  same  date  in  the  same  county, 
occurring  within  a  2  hour  span. 

In  early  accounts,  tornadoes  were  variously  reported  as  tornadoes,  "whirlwinds," 
"hurricanes,"  or  "cyclones."  Suspected  events  were  concluded  to  be  a  tornado  when 
associated  comments  confirmed  a  rather  narrow,  linear  path  of  destruction,  and/or  a 
rotational  pattern  to  the  damage  or  debris. 
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EARLY  TORNADO  DATA  SOURCES 

The  majority  of  the  following  tornado  summary  data  for  Illinois  is  composed  of  entries 
found  in  (1)  the  annual  "Report  of  the  Chief  of  the  Weather  Service,"  U.S.  Army  Signal 
Corps,  from  1890  to  1916;  and  (2)  Monthly  Weather  Review  from  1872  to  1916  (e.g. 
Henry,  1896).  Beginning  in  1892,  the  former  offered  narrative  and  tabular  information  on 
violent  storms,  occasionally  mentioning  funnels  and  estimates  of  damage.  The  reports 
are  certainly  incomplete,  but  a  reporting  routine  had  been  established.  From  1890 
through  1897,  from  19  to  34  tornadoes  or  funnels  were  reported  annually  for  the  U.S. 
Beginning  abruptly  in  1898,  no  mention  of  severe  or  violent  storms,  funnels  or  tornadoes 
are  found  in  the  annual  publication. 

In  1875,  comments  concerning  the  occurrence  and  location  of  tornadoes  began  to  appear 
in  Monthly  Weather  Review ,  though  they  were  few  in  number.  Interestingly,  references 
to  specific  tornado  events  virtually  disappear  in  the  1880s  and  1890s,  although  the  terms 
"almost  a  tornado"  or  "incipient"  tornado  are  found  more  than  a  few  times.  Such  entries 
were  not  included  in  this  summary. 

County  histories  provided  additional  tornado  information,  notably,  Ellsworth  (1880)  and 
Museum  News  (1889).  Additional  data  were  extracted  from  Flora  (1954),  Fuller  (1914), 
Ludlum  (1970,  1971),  and  Moses  (1889).  Grazulis  (1990)  lists  U.S.  tornadoes  from 
1880  through  1989,  and  helped  verify  and  quantify  accounts  for  which  we  had 
information.  In  addition,  this  data  base  provided  several  entries  for  which  we  had  no  prior 
information. 

Additional  tornado  events  were  described  in  Illinois  newspapers  from  the  mid-  and  late- 
19th  century,  although  these  were  not  particularly  productive  sources,  the  news  primarily 
being  political  in  nature.  Some  individual  accounts  of  tornadoes  or  suspected  tornadoes 
were  most  interesting.  For  example,  the  following  is  quoted  in  Reynolds  (1887:347- 
348): 


"On  June  5,  1805,  a  terrific  hurricane  swept  over  a  part  of  Illinois.  It  was  one  of 
those  tempests  of  the  whirlwind  order.. ..It  was  about  three-quarters  of  a  mile 
wide,  and  to  that  extent,  for  several  miles  in  Illinois,  it  prostrated  trees  and  even 
swept  the  water  out  of  the  river  and  the  lakes  in  the  American  Bottom  to  that 
width.... A  large  bull  was  raised  up  high  in  the  air,  carried  a  considerable  distance, 
and  every  bone  in  his  body  was  broken.. ..The  storm  carried  in  it  pine  tops  from 
Missouri,  which  do  not  grow  nearer  than  fifty  or  sixty  miles  from  the  American 
Bottom." 

From  this  report,  it  appears  that  the  referenced  "hurricane"  was  indeed  a  tornado,  and  of 

considerable  intensity. 
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ANALYSIS  AND  RESULTS 

A  listing  of  the  325  tornadoes  summarized  herein  is  presented  in  Table  1.  Additional 
information  was  often  available  to  that  included  in  the  table,  but  was  often  fragmented  and 
certainly  not  available  for  all  tornadoes. 

The  annual  frequencies  of  the  325  recorded  tornadoes  in  Illinois  are  shown  in  Fig.  1.  The 
tornado  reports  are  not  distributed  equally  through  the  years  of  data,  nor  do  the  annual 
frequencies  systematically  increase,  as  would  be  expected,  if  the  reports  were  largely 
dependant  upon  population  density. 

There  were  no  tornadoes  recorded  in  Illinois  in  46  of  the  111  years  from  1805  to  1915: 
Specifically  1806-1814,  1816-1834,  1836-1843,  1848,  1851-1853,  1856,  1862-1863, 
1865,  1867  and  1891.  On  the  other  hand,  ten  or  more  tornadoes  were  recorded  in  11  of 
the  years,  all  since  1875  (see  Table  1).  The  recent  annual  average  frequency  of  Illinois 
tornadoes,  i.e.,  28  (Wendland  &  Guinan,  1988),  was  equalled  or  approached  only  in  1880 
and  1883.  Whether  the  frequencies  of  these  two  years  was  actually  much  greater  than 
other  years  of  the  late  19th  century  cannot  be  determined  from  the  Illinois  data,  but  could 
be  evaluated  by  similar  studies  from  adjoining  states. 

Decadal  tornado  frequencies  in  Illinois  since  the  1806-1815  decade  exhibit  a  maximum 
frequency  (104)  in  the  1880s  (Fig.  2).  The  decline  after  that  time  is  somewhat  surprising. 
State  population  continued  to  increase,  and  became  more  equally  distributed  over  the  state, 
and  news  coverage  and  the  transfer  of  such  information  probably  became  more  complete 
with  time.  We  suspect  that  the  declining  frequencies  shown  in  our  record  since  the  late 
1800s  is  due  to  an  incomplete  data  base. 

The  distribution  of  tornadoes  through  the  months  of  the  year  shown  herein  (Fig.  3) 
exhibits  a  strong  spring  maximum  in  May,  followed  by  those  of  April,  June  and  March, 
in  that  order.  More  recent  monthly  frequencies,  i.e.,  those  from  1955  through  1986 
(Wendland  &  Guinan,  1988)  are  greatest  in  June,  followed  by  April  and  May.  The  last 
decades  of  the  19th  century  exhibited  a  tornado  minor  maximum  in  late  summer  or 
autumn:  August  in  the  1870s,  September  in  the  1880s,  July  in  the  1900s,  and 
November  in  the  1910s.  The  1955-1986  data  exhibit  such  a  phenomenon  in  August. 

Eight  separate  dates  stand  out  because  of  the  relatively  large  number  of  tornadoes  on  each 
of  those  days,  e.g.,  21  on  18  May  1883,  11  on  12  May  1886,  10  on  27  March  1890,  8 
each  on  24  April  1880  and  21  April  1912,  6  on  17  July  1903,  and  4  each  on  27  March 
1908  and  11  November  1911.  These  days  with  high  frequencies  strongly  contributed  to 
the  annual  maxima  exhibited  in  Fig.  1.  The  tornadoes  of  11  November  1911  are 
noteworthy  in  that  they  were  associated  with  a  severe,  fast-moving  cold  front  that  moved 
across  Illinois  (Wendland,  1987),  dropping  temperatures  by  65°F  within  24  hrs  at  LaSalle 
IL,  and  60°F  at  Peoria! 

Tornado  frequencies  by  county  from  1805  through  1915  are  presented  in  Fig.  4.  This 
chart  appears  to  be  significantly  dependent  on  population  density  and  distribution  during 
those  years,  in  addition  to  actual  tornado  frequency.  Counties  with  tornado  frequencies  of 
ten  or  more  from  1805-1915  include  Madison  (23),  Morgan  (13),  Lee,  Whiteside  and 
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Sangamon  (11)  and  Adams  and  Christian  (10).  Interestingly,  the  19th  century 
distribution  bears  some  similarities  to  the  frequency  distribution  for  1955  to  1988 
(Wendland  &  Guinan,  1988,  Fig.  2),  a  record  which  is  less  dependent  upon  population 
density. 

Several  of  the  325  tornado  events  resulted  in  serious  loss  of  life  or  injury  (Table  1), 
especially  those  of  4  June  1877;  18  May  1883;  19  February  1888;  27  March,  8  April  and 
20  June,  1890;  27  May  1896,  18  May  1898  and  21  April  1912.  The  tornadoes  of  27 
May  1896  are  particularly  noteworthy,  being  the  second  worst  tornado  event  known  in 
Illinois  history  as  measured  in  lives  lost  and  injuries;  only  the  Tri-state  tornado  of  18 
March  1925  being  worse,  with  1430  injured  and  606  killed  within  the  state  (Wilson  & 
Changnon,  1971).  On  27  May  1896  at  least  1125  were  injured  and  at  least  279  were 
killed  by  several  tornadoes  in  west-central  Illinois,  undoubtedly  due  to  high  population 
densities  in  the  area  just  east  of  the  growing  metropolitan  St.  Louis. 

CONCLUSIONS 

The  chronology  of  early  Illinois  tornadoes  compiled  for  this  paper  has  only  begun. 
Because  of  its  yet  incomplete  nature,  few  meaningful  spatial  or  temporal  conclusions  can 
be  drawn  at  this  time.  However,  a  spring  maximum  frequency  in  the  early  record  is 
similar  to  recent  occurrences.  Only  2  of  the  1 1 1  years  of  record  exhibited  an  annual 
statewide  tornado  frequency  near-equivalent  to  that  of  today.  The  1880s  represent  the 
decade  with  the  greatest  tornado  frequency  from  1805  through  1915,  which  may  be  a 
function  of  reporting  and  recording  efficiency,  and  current  availability  of  extant  copy 
material. 
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Table  1.  Listing  of  325  Illinois  tornadoes  from  1805  through  1916.  MO:  month,  DA: 
day,  YR:  year,  K:  #  killed,  I:  #  injured,  COUNTY:  county(ies)  impacted  by 
tornado  in  question. 


MO 

DA 

YEAR 

K 

I 

COUNTY 

MO 

DA 

YEAR 

K 

I 

COUNTY 

6 

18 

1815 

0 

0 

White 

4 

18 

1880 

0 

0 

Lasalle 

6 

18 

1835 

0 

0 

Whiteside 

4 

18 

1880 

0 

0 

Macon 

6 

19 

1835 

0 

0 

Whiteside 

4 

19 

1880 

0 

0 

Douglas 

8 

17 

1835 

0 

0 

Menard 

4 

24 

1880 

3 

0 

Christian 

6 

5 

1844 

0 

0 

Rock  Island/Whiteside 

4 

24 

1880 

0 

0 

Bureau 

5 

0 

1845 

0 

0 

Morgan/Cass 

4 

24 

1880 

1 

10 

Macoupin 

6 

0 

1846 

0 

0 

Washington 

4 

24 

1880 

6 

33 

Christian 

10 

0 

1846 

0 

0 

Woodford 

4 

24 

1880 

0 

0 

Christian 

6 

0 

1847 

0 

0 

Peoria 

4 

24 

1880 

0 

7 

Adams 

5 

21 

1849 

0 

0 

Jersey 

4 

24 

1880 

0 

0 

Adams 

5 

27 

1849 

0 

0 

Menard 

4 

24 

1880 

0 

0 

Sangamon 

5 

27 

1850 

0 

0 

Henderson 

5 

7 

1880 

0 

0 

Morgan 

6 

23 

1854 

0 

0 

Kankakee 

5 

10 

1880 

0 

0 

Dewitt 

5 

22 

1855 

0 

0 

Cook 

5 

10 

1880 

7 

18 

Scott/Morgan 

6 

13 

1857 

0 

0 

Christian 

5 

10 

1880 

0 

15 

McLean 

5 

14 

1858 

0 

3 

Logan/Sangamon 

5 

10 

1880 

0 

15 

Dewitt/McLean 

5 

30 

1858 

7 

0 

Henderson/Warren 

5 

10 

1880 

7 

0 

Morgan 

6 

0 

1858 

0 

0 

Warren 

5 

20 

1880 

0 

0 

Jackson 

5 

26 

1859 

0 

0 

Sangaiaon 

9 

3 

1880 

0 

0 

McHenry 

5 

26 

1859 

0 

0 

Morgan 

5 

14 

1881 

0 

0 

Randolph 

5 

29 

1859 

0 

0 

Morgan 

6 

2 

1881 

0 

0 

Union 

5 

30 

1860 

0 

0 

Mercer/Henry/Lee/DeKalb/ 

6 

29 

1881 

0 

0 

Montgomery 

6 

2 

1860 

0 

0 

Madison  Kane/Cook 

9 

24 

1881 

0 

0 

Rocklsland 

6 

3 

1860 

9 

0 

Whiteside 

9 

24 

1881 

0 

0 

Marion 

6 

3 

1860 

2 

0 

Lee 

9 

24 

1881 

4 

0 

Adams/Schuyler 

7 

3 

1860 

0 

0 

Carroll 

9 

29 

1881 

0 

0 

Kendall 

3 

27 

1861 

0 

0 

Madison 

10 

8 

1881 

0 

0 

Schyler 

6 

19 

1861 

0 

0 

Champaign 

10 

24 

1881 

1 

10 

Brown/Schuyler 

7 

8 

1861 

0 

0 

JoDaviess 

10 

29 

1881 

0 

0 

Kendall 

7 

19 

1861 

0 

0 

Champaign 

4 

22 

1882 

0 

3 

White 

9 

23 

1864 

0 

0 

Mattoon 

4 

24 

1882 

0 

0 

Jerseu 

11 

8 

1864 

0 

0 

Washington 

6 

17 

1882 

0 

0 

Dewitt 

5 

22 

1868 

0 

0 

White 

6 

24 

1882 

0 

0 

Winnebago 

7 

0 

1868 

0 

0 

Washingto jn 

5 

18 

1883 

0 

0 

J  ackson/Johnson 

1 

18 

1869 

0 

0 

Whiteside 

5 

18 

1883 

4 

15 

Boone/McHenry 

4 

18 

1869 

0 

0 

Logan 

5 

18 

1883 

1 

8 

Greene/Morgan 

4 

13 

1870 

0 

0 

Washington 

5 

18 

1883 

0 

0 

McHenry 

7 

0 

1870 

0 

0 

Madison 

5 

18 

1883 

11 

50 

Sangamon/Logan/Macon/Dewitt 

3 

8 

1871 

0 

0 

St.Clair 

5 

18 

1883 

1 

3 

Madison 

6 

0 

1871 

0 

0 

Sangamon 

5 

18 

1883 

63 

50 

Morgan/Cass/Menard/Greene 

5 

20 

1872 

0 

0 

Adams 

5 

18 

1883 

2 

15 

Jersey 

5 

22 

1873 

0 

0 

Peoria 

5 

18 

1883 

5 

30 

Madison 

5 

23 

1873 

0 

0 

Warren 

5 

18 

1883 

5 

30 

Macoupin/ Jersey/Christian/ 

3 

18 

1874 

0 

0 

Christian 

5 

18 

1883 

2 

0 

Logan  Montgomery 

3 

18 

1874 

0 

0 

Alexander 

5 

18 

1883 

2 

10 

Madison/Macon/Montgoraery 

6 

14 

1875 

1 

0 

Adams 

5 

18 

1883 

0 

0 

McCoupin 

6 

18 

1875 

0 

0 

St.Clair 

5 

18 

1883 

1 

4 

Livingston 

6 

21 

1875 

0 

0 

Union 

5 

18 

1883 

0 

1 

Montgomery/Christian 

7 

22 

1875 

0 

0 

Cook 

5 

18 

1883 

0 

2 

Will 

8 

5 

1875 

0 

0 

Lee 

5 

18 

1883 

1 

3 

Champaign 

8 

5 

1875 

0 

0 

Car roll /Whiteside 

5 

19 

1883 

0 

0 

Jersey/Madison 

8 

5 

1875 

0 

0 

Peoria 

5 

19 

1883 

0 

0 

Piatt 

8 

5 

1875 

0 

0 

LaSalle/DeKalb 

5 

25 

1883 

0 

0 

Madospm 

9 

9 

1875 

1 

1 

McLean/Woodford 

5 

25 

1883 

0 

0 

McHenry 

1 

1 

1876 

0 

0 

Rock  Island 

6 

2 

1883 

0 

0 

Montgomery 

2 

27 

1876 

0 

0 

Madison 

6 

8 

1883 

0 

0 

Sangamon/Morgan 

5 

6 

1876 

0 

0 

Coles 

6 

9 

1883 

0 

0 

Pulaski 

5 

6 

1876 

0 

0 

Cook 

6 

11 

1883 

0 

1 

McHenry 

5 

6 

1876 

0 

0 

Williamson/Union/Jackson 

6 

13 

1883 

0 

0 

White 

12 

8 

1876 

0 

0 

Hancock 

2 

19 

1884 

0 

0 

Pulaski 

3 

20 

1877 

0 

0 

Clark 

3 

11 

1884 

0 

0 

Saline 

6 

2 

1877 

0 

0 

Mercer 

3 

25 

1884 

0 

0 

Masison 

6 

4 

1877 

17 

100 

Wabash 

5 

18 

1884 

0 

0 

Adams 

6 

4 

1877 

0 

0 

Coles 

6 

22 

1884 

0 

0 

Mason 

8 

14 

1877 

0 

0 

Dewitt 

7 

4 

1884 

0 

0 

Macon 

4 

23 

1878 

0 

0 

Alexander 

5 

24 

1885 

0 

0 

Madospm 

5 

23 

1878 

0 

0 

Brown 

11 

6 

1885 

0 

2 

Pike/Brown 

5 

23 

1878 

0 

0 

Cook 

11 

6 

1885 

0 

0 

Warren/Mercer 

5 

31 

1878 

0 

0 

Grundy 

11 

6 

1885 

1 

15 

White 

3 

10 

1879 

10 

0 

Macoupin 

11 

6 

1885 

0 

5 

Fulton/Peoria 

4 

14 

1879 

0 

0 

Madison 

11 

6 

1885 

0 

0 

Sangomon 

4 

14 

1879 

0 

0 

Bond 

11 

6 

1885 

0 

0 

McLean 

6 

10 

1879 

0 

0 

White 

5 

6 

1886 

0 

0 

McHenry 

11 

14 

1879 

0 

0 

Alexander 

5 

11 

1886 

0 

0 

Livingston 

3 

18 

1880 

1 

20 

Winnebago/Whiteside 

5 

11 

1886 

0 

0 

Randolph 

3 

24 

1880 

6 

33 

Jersey/Greene/Macoupin/ 

5 

12 

1886 

1 

5 

Livingston 

3 

24 

1880 

0 

7 

Adams  Christian 

5 

12 

1886 

3 

10 

Vermillion 

3 

24 

1880 

0 

0 

Sangamon 

5 

12 

1886 

0 

0 

Vermillion 

3 

27 

1880 

0 

0 

Champaign 

5 

12 

1886 

0 

0 

Winnebago 

4 

18 

1880 

0 

0 

Dewitt 

5 

12 

1886 

1 

0 

Carroll 

4 

18 

1880 

0 

0 

Whiteside 

5 

12 

1886 

0 

0 

Carroll 

4 

18 

1880 

0 

0 

Madison/Bond 

5 

12 

1886 

0 

0 

McLean 

7 


Table  1.  continued 


MO 

DA 

YEAR 

K 

I 

COUNTY 

MO 

DA 

YEAR 

K 

I 

COUNTY 

5 

12 

1886 

0 

1 

Morgan 

5 

17 

1898 

16 

0 

Carroll/Lee/Bureau 

5 

12 

1886 

1 

4 

Iroquios 

5 

18 

1898 

28 

150 

Carroll/Ogle 

5 

13 

1886 

0 

0 

Brown /Morgan 

5 

18 

1898 

4 

30 

Ogle/Winnebago/Boone 

7 

9 

1886 

0 

0 

McLean 

5 

18 

1898 

0 

10 

Bureau/Lee 

9 

16 

1886 

0 

0 

Shelby 

5 

18 

1898 

1 

10 

Bureau/Lee 

9 

16 

1886 

0 

0 

Champa ign/Sangomon/Doug las 

5 

20 

1898 

0 

0 

Hendreson/Warren 

9 

18 

1886 

0 

0 

Will 

5 

20 

1898 

3 

0 

Lee 

10 

16 

1886 

0 

0 

Champaign 

5 

27 

1899 

0 

0 

JoDavies/Stephenson 

10 

18 

1886 

0 

20 

Will 

5 

31 

1899 

0 

0 

Sangamon 

3 

22 

1887 

5 

15 

Wabash 

2 

7 

1900 

0 

7 

Madison 

4 

22 

1887 

0 

0 

White 

6 

22 

1901 

0 

0 

Logan 

4 

22 

1887 

2 

0 

Wabash 

6 

10 

1902 

3 

40 

Fulton/Peoria 

4 

29 

1887 

0 

0 

Perry 

10 

12 

1902 

0 

0 

Adams 

6 

3 

1887 

3 

0 

Gallatin 

4 

12 

1903 

2 

0 

Douglas 

7 

13 

1887 

0 

0 

JoDaviess 

4 

12 

1903 

0 

0 

Logan/DeWitt 

8 

4 

1887 

0 

0 

Shelby 

4 

12 

1903 

0 

0 

Madison 

9 

4 

1887 

0 

0 

Sangamon 

7 

17 

1903 

0 

0 

Bureau 

2 

19 

1888 

18 

54 

Jefferson/Randolph/ 

7 

17 

1903 

0 

2 

Bureau 

4 

18 

1888 

1 

20 

Winnebago  Washington/Perry 

7 

17 

1903 

0 

0 

Marshall/Putnam/LaSalle 

4 

22 

1888 

0 

0 

Perry 

7 

17 

1903 

4 

20 

LaSalle 

5 

3 

1888 

0 

0 

LaSalle 

7 

17 

1903 

1 

6 

Livingston 

5 

10 

1888 

0 

4 

Stephenson/Winnebago 

7 

17 

1903 

6 

30 

LaSalle/Livingston 

5 

11 

1888 

0 

0 

Stephenson 

7 

18 

1903 

0 

0 

Henry 

6 

7 

1888 

0 

0 

Warren 

10 

3 

1903 

3 

3 

Bureau 

6 

7 

1888 

0 

0 

Saline/Warren 

2 

7 

1904 

0 

0 

Clinton 

6 

7 

1888 

0 

0 

Saline 

2 

7 

1904 

0 

0 

Alexander/Pulaski 

7 

29 

1888 

0 

0 

Vermillion 

7 

5 

1904 

0 

0 

Schuyler 

8 

16 

1888 

0 

0 

Henry 

8 

19 

1904 

3 

10 

Madison 

4 

18 

1889 

0 

3 

DeKalb 

4 

11 

1905 

0 

0 

Montgomery 

6 

7 

1889 

0 

0 

McLean 

4 

28 

1905 

0 

0 

Crawford 

1 

12 

1890 

0 

0 

McLean/Richland 

6 

10 

1905 

0 

0 

Henry 

3 

27 

1890 

0 

0 

Randolph /Jackson/Perry 

6 

19 

1905 

0 

0 

Schuyler 

3 

27 

1890 

1 

7 

StClair 

4 

8 

1906 

0 

0 

Madison 

3 

27 

1890 

7 

80 

Jackson 

4 

8 

1906 

0 

6 

Union/Jackson 

3 

27 

1890 

0 

0 

Alexander 

5 

26 

1907 

0 

0 

Iroquois 

3 

3 

27 

27 

1890 

1890 

2 

21 

30 

200 

Alexander/Un  ion/ Johnson/' 

Pope  Williamson 

6 

6 

6 

7 

1907 

1907 

5 

4 

20 

8 

Washington/Perry/Crawford 

Perry /Clark 

3 

27 

1890 

2 

50 

Randolph/Perry/Washington/ 

3 

27 

1908 

0 

0 

Warren/Knox/Livingston 

3 

27 

1890 

0 

5 

Richland  Jefferson 

3 

27 

1908 

0 

0 

Coles/Douglas 

3 

27 

1890 

1 

10 

White 

3 

27 

1908 

1 

6 

Warren/Knox 

3 

27 

1890 

0 

10 

Wayne/Clay 

3 

27 

1908 

0 

0 

Fulton/Tazewell 

4 

8 

1890 

50 

0 

Whiteside 

4 

24 

1908 

0 

0 

Champaign/Knox 

6 

10 

1890 

0 

0 

Will/DeWitt/Morgan 

4 

24 

1908 

0 

0 

Champaign 

6 

11 

1890 

1 

6 

DeWitt 

5 

10 

1908 

1 

20 

Mercer/Rock I s 1 and/Henry/ 

6 

12 

1890 

4 

15 

Madison 

5 

11 

1908 

0 

0 

Mercer  Whiteside 

6 

13 

1890 

0 

0 

Piatt 

5 

28 

1908 

0 

0 

Pike 

6 

14 

1890 

0 

0 

Piatt 

11 

25 

1908 

0 

3 

Randolph/St.Clair 

6 

20 

1890 

12 

0 

Lee 

4 

6 

1909 

0 

0 

Williamson 

6 

20 

1890 

12 

60 

Lee/DeKalb 

4 

29 

1909 

5 

6 

Saline/Gallatin 

6 

20 

1890 

0 

10 

Livingston 

7 

11 

1909 

0 

0 

Vermillion 

6 

27 

1890 

5 

0 

Lee 

7 

11 

1909 

0 

0 

Madison 

3 

26 

1892 

0 

1 

Piatt 

7 

11 

1909 

0 

0 

Christian 

4 

1 

1892 

0 

1 

Wayne/Douglas 

5 

22 

1910 

0 

0 

Alexander 

5 

28 

1892 

0 

0 

Richland 

9 

12 

1910 

0 

0 

Iroquois 

6 

2 

1892 

0 

0 

Scott/Morgan 

6 

10 

1911 

1 

5 

Ogle 

6 

13 

1892 

1 

2 

Henry 

11 

11 

1911 

0 

12 

Cass 

7 

1 

1892 

0 

0 

Morgan 

11 

11 

1911 

0 

0 

Dupage 

11 

17 

1892 

2 

7 

Monroe/Randolph 

11 

11 

1911 

0 

0 

Kankakee 

4 

12 

1893 

0 

0 

Fayette 

11 

11 

1911 

0 

0 

Cumberland 

4 

18 

1894 

0 

0 

St.Clair 

0 

22 

1911 

0 

0 

Ogle 

5 

9 

1894 

0 

0 

Hancock 

3 

19 

1912 

0 

20 

Madison/Bond 

8 

11 

1894 

0 

0 

Adams 

4 

6 

1912 

0 

0 

Cook 

9 

9 

1894 

0 

0 

McHenry 

4 

21 

1912 

2 

0 

La Salle/Livingston, Grundy, 

5 

4 

1895 

4 

0 

Kane 

4 

21 

1912 

0 

37 

LaSalle/Grundy  Kankakee 

5 

4 

1895 

0 

0 

Knox 

4 

21 

1912 

0 

1 

DeWitt 

6 

25 

1895 

0 

0 

Adams 

4 

21 

1912 

0 

20 

Kankakee 

3 

24 

1896 

8 

0 

Jasper 

4 

21 

1912 

11 

83 

Jackson/Williamson/Franklin 

3 

27 

1896 

0 

0 

St . Clair/Monroe/Pike 

4 

21 

1912 

0 

5 

Iroquois 

3 

28 

1896 

0 

0 

Ogle 

4 

21 

1912 

3 

23 

Randolph/Perry 

3 

28 

1896 

0 

1 

Madison 

4 

21 

1912 

1 

8 

Hamilton 

5 

25 

1896 

0 

0 

St.Clair/Madison 

4 

26 

1912 

1 

0 

Jackson 

5 

25 

1896 

3 

10 

Ogle/DeKa lb/Boone 

11 

12 

1912 

0 

5 

Randolph 

5 

25 

1896 

0 

0 

Cook 

11 

12 

1912 

1 

6 

Clark 

5 

26 

1896 

13 

0 

Pulaski 

3 

24 

1913 

3 

10 

Jackson/Williamson/Franklin 

5 

27 

1896 

14 

50 

Washington/Jef ferson 

3 

24 

1913 

0 

0 

Whiteside 

5 

27 

1896 

255 

1000 

Madison 

4 

24 

1914 

0 

0 

McLean/Li vingston/Iroquois/ 

5 

27 

1896 

24 

125 

St.Clair/Clinton 

4 

24 

1914 

1 

2 

Iroquois/Kankakee  Kankakee 

5 

27 

1896 

3 

0 

Washington/Jefferson 

5 

3 

1914 

0 

0 

Henderson/Warren/Henry 

7 

27 

1896 

0 

0 

Ford 

5 

20 

1915 

0 

0 

Mason 

7 

30 

1897 

6 

5 

Tazewell /Logan 

7 

7 

1915 

1 

1 

Lawrence 

3 

18 

1898 

0 

0 

Pulaski 

Figure  1.  Annual  tornado  frequencies  in  Illinois  from  1844  through  1915. 
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1850  1860  1870  1880  1890  1900  1910 


9 


Fig.  2.  Decade  mean  tornado  frequencies  in  Illinois  from  1806  through  1915  (15  on 
abscissa:  mean  value  from  1806-1815). 

Tornadoes  by  decade  1805-1915 


120  ( 


Fig.  3.  Distribution  of  Illinois  tornadoes  by  months  of  the  year  from  1870  through 
1910. 


Tornadoes  1870-1910 
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Fig.  4.  Tornado  frequency  by  county  from  1805  through  1915. 
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Three  Paradoxes  and  the  Class 

Operator  Rule 


Paul  Russell  Shildneck 
19  Timber  Bluff  Trail 
Decatur,  Illinois  62521 


ABSTRACT 

The  Greeling  and  village  barber  paradoxes  are  resolved  by  plausibly  correcting  their 
propositions  for  ambiguity.  Resolution  of  the  Russell  paradox  requires  two  more 
corrections:  (1)  adding  "all  and  only"  to  Russell's  definition  of  his  class  W  and  (2) 
shifting  attention  from  classes  to  class  names  as  class  members.  All  of  the  propositions 
are  then  analogs  of  a  postulated  general  proposition  Z  that  defines  class  S  whose  member 
O  performs  definable  operation  P  upon  all  and  only  those  members  of  class  S  that  are 
notself  P-operated-upon.  The  three  propositions  are  linked  by  an  important  property  of 
member  O,  namely,  logical  inability  to  receive  its  own  operation.  That  property  is  the 
basis  of  the  class  operator  rule  (COR).  The  COR  replaces  the  propositional  scheme  P(x) 
of  class  formation,  thus  eliminating  Zermelo's  hereditary  classes,  removing  the  ad  hoc 
distinction  between  set  classes  (sets)  and  proper  classes  (nonsets),  and  restoring  Frege's 
Axiom  of  Abstraction  to  independent  status.  Class  membership  is  restricted  to  class 
names.  The  word  "class"  is  defined  in  terms  of  two  kinds  of  class  names:  contained  and 
uncontained  as  members  of  named  classes.  Frege  agreed  with  Russell's  criticism  of 
Frege's  Rule  5,  but  he  disagreed  with  Russell's  discovery  of  contradiction  in  notself- 
predicated  predicates.  Frege  knew  that  the  fundamental  rule  of  symbolic  language  requires 
all  predicates  in  logical  propositions  to  be  notself-predicated;  Russell  didn't. 

INTRODUCTION 

Fraenkel  and  Bar-Hillel  (1958)  and  Quine  (1962)  discuss  paradoxes,  noting  that  discovery 
of  a  paradox  occasionally  leads  to  an  important  alteration  in  the  foundations  of  logic. 
Quine  describes  a  paradox  in  general  as  any  conclusion  that  at  first  seems  absurd  but  that 
has  an  argument  to  support  it.  He  divides  paradoxes  into  (1)  those  whose  supporting 
arguments  include  a  discernible  flaw  and  (2)  those  whose  arguments  appear  to  be  flawless. 
He  refers  to  the  first  group  as  paradoxes,  to  the  second  group  as  antinomies. 

Chief  purpose  of  this  paper  is  to  identify  the  foundations  of  three  structurally  similar 
paradoxes,  those  named  after  Bertrand  Russell,  Kurt  Grelling  and  the  village  barber. 
Knowledge  of  the  foundations  is  sought  in  the  hope  that  it  will  lead  to  objective 
resolutions  of  the  paradoxes.  Another  purpose  is  to  point  out  a  significant  difference 
between  Russell's  paradox  and  the  other  two.  Additional  purposes  are  to  present  the  class 
operator  rule  and  to  offer  a  definition  of  the  term  "class." 
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METHOD 

This  paper  defends  the  following  conclusions: 

1  -  Class  membership  is  restricted  to  class  names. 

2  -  In  the  village  barber  scenario  the  barber  can't  be  shaved,  i.e.,  he  remains  permanently 

bearded. 

3  -  In  the  Greeling  scenario  the  coined  adjective  "heterological"  can't  be  Greeling- 

classified  as  either  heterological  or  autological. 

4  -  In  the  Russell  scenario,  class  W  can't  be  contained  in  any  class,  including  itself. 

The  barber,  coined  adjective  "heterological"  and  class  W  are  herein  regarded  as  class 
operators  with  similar  functions.  Each  operator  performs  a  definable  operation  P  upon  all 
and  only  those  members  of  a  general  class  S  which  are  notself  P-operated-upon,  class  S 
being  defined  by  the  following  proposition: 

Proposition  Z  —  In  well-defined  class  S  there  is  member  O,  which  performs 
definable  operation  P  upon  all  and  only  those  members  of  class  S  which  are 
notself  P-operated-upon. 

The  listed  four  conclusions  and  Proposition  Z  lead  to  the  class  operator  rule  (COR), 
which  is  stated  as  follows: 

In  any  definition  of  class  membership  resulting  from  action  by,  or  function  of, 
an  operator  as  defined  in  Proposition  Z,  no  language  shall  be  used  that  excludes 
the  operator  from  its  universal  class  or  includes  the  operator  in  the  notself  P- 
operated-upon  subclass  of  that  universal  class. 

The  COR  is  a  generalization  of  the  logical  inability  of  every  class  operator  to  receive  its 
own  operation. 

According  to  the  barber  paradox  proposition,  the  barber  shaves  all  and  only  those  resident 
men  in  a  particular  village  who  do  not  shave  themselves.  The  clause  "men  who  do  not 
shave  themselves"  is  ambiguous;  it  refers  to  (a)  men  who  are  shaved  but  not  by 
themselves  and  to  (b)  men  who  are  never,  never  shaved,  i.e.,  permanently  bearded  men. 
Ambiguity  is  avoided  by  replacing  "men  who  do  not  shave  themselves"  with 
unambiguous  "men  who  are  notself  shaved." 

As  explained  later  in  this  paper,  the  barber  with  unambiguous  assignment  will  remain 
unshaved,  i.e.,  permanently  bearded.  Argument  leading  to  that  conclusion  relies  upon 
ideas  of  monopoly  and  rational  behavior  of  monopolists.  Analogous  conclusions  that 
coined  adjective  "heterological"  can't  be  grelling  classified  and  that  class  W  can't  be 
contained  in  any  class  (including  itself)  also  rely  upon  the  monopoly  argument. 

Each  of  the  four  listed  conclusions  is  based  on  a  chain  of  reasoning  that  begins  with 
recognition  of  ambiguity  in  Russell's  definition  of  class  W  and  in  statements  of  the 
classical  barber,  Grelling  and  Russell  paradoxes.  The  second  link  in  that  chain  is 
plausible  correction  of  the  ambiguous  language.  The  third  and  final  link  in  the  chain  is 
derivation  of  logical  conclusions  from  the  plausibly  corrected  language. 
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RESULTS  AND  DISCUSSION 

Classical  Paradox  Propositions 

The  propositions  listed  below  are  derived  from  Quine  (1962).  Although  the  wording 
differs  from  Quine  it  is  regarded  as  equivalent  by  the  author  of  this  paper. 

Russell  --  In  the  class  of  all  and  only  classes  there  is  class  W  that  contains  all 
and  only  those  classes  which  do  not  contain  themselves. 

Grelling  -  In  the  class  of  all  and  only  adjectives  there  is  coined  adjective 
"heterological"  that  grelling-classifies  all  and  only  the  adjectives  that  do  not 
grelling-classify  themselves. 

Village  Barber  --  In  the  class  of  all  and  only  men  residing  in  a  certain  village 
there  is  a  man  barber  who  shaves  all  and  only  the  men  residing  in  that  village 
who  do  not  shave  themselves. 

The  three  propositions  are  clearly  similar  in  structure.  In  each  is  a  defined  class,  a  defined 
member  of  that  class  and  a  definable  operation  P  that  the  defined  class  member  performs 
upon  all  and  only  the  defined  class  members  that  are  notself  p-operated-upon. 

The  barber  proposition  in  particular  is  examined  carefully  in  the  following  paragraphs. 
Attention  is  given  to  interpreting  the  proposition  and  to  literature  arguments  offered  to 
sustain  the  alleged  self-contradiction  in  the  proposition. 

Alleged  Self-contradictory  Conclusions  from  the  Classical  Paradox 
Propositions 

Quine  (1962)  implies  these  conclusions:  Class  W  contains  itself  if  and  only  if  class  W 
does  not  contain  itself.  Coined  adjective  "heterological"  grelling-classifies  itself  if  and 
only  if  "heterological"  does  not  grelling-classify  itself.  The  barber  shaves  himself  if  and 
only  if  he  does  not  shave  himself. 

Ambiguous  Language  in  the  Classical  Paradox  Propositions 

Neither  Fraenkel  and  Bar-Hillel  (1958)  nor  Quine  (1962)  appear  to  recognize  ambiguity  in 
the  clauses  "classes  that  do  not  contain  themselves,"  "adjectives  that  do  not  grelling- 
classify  themselves,"  "village  resident  men  who  do  not  shave  themselves."  The  Russell 
proposition  requires  class  W  to  contain  (a)  notself  contained  classes  (ordinary)  and  (b) 
uncontained  classes.  The  Grelling  proposition  requires  "heterological"  to  Grelling- 
classify  adjectives  that  are  (c)  heterological  (notself  descriptive)  and  (d)  neither 
heterological  nor  autological  (self  descriptive),  e.g.,  "hungry."  The  barber  proposition 
requires  the  barber  to  shave  village  resident  men  who  are  (e)  notself  shaved  and  (f)  never, 
never  shaved,  i.e.,  permanently  bearded.  The  propositions  are  ambiguous  because  of  their 
dual  and  conflicting  meanings.  Communication  clarity  is  improved  by  deleting  the 
unreasonable  alternative  in  each  proposition  (items  b,  d  and  f)  as  shown  below. 
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Classical  Paradox  Propositions  Corrected  for  Ambiguity 

Russell  -  In  the  class  of  all  and  only  classes  there  is  class  W  that  contains  all 
and  only  the  notself  contained  classes. 

Grelling  -  In  the  class  of  all  and  only  adjectives  there  is  coined  adjective 
"heterological"  that  grelling-classifies  all  and  only  the  adjectives  which  are 
notself  grelling-classified. 

Village  barber  -  In  the  class  of  all  and  only  men  residing  in  a  particular  village 
there  is  a  man  barber  who  shaves  all  and  only  the  men  residing  in  that  village 
who  are  notself  shaved. 

Logical  Conclusions  from  Corrected  Paradox  Propositions 

It  will  be  shown  first  that  the  barber  can't  be  self  shaved  and  that  he  will  refuse,  on  ethical 
grounds,  to  be  notself  shaved,  thus  remaining  permanently  bearded.  Here  is  the  argument. 
The  word  "only"  in  the  definition-precision  phrase  "all  and  only"  prevents  the  barber  from 
being  shelf  shaved.  The  word  "all"  in  that  phrase  gives  the  barber  a  monopoly  on  the 
notself  shaving  operation.  If  the  barber  allows  himself  to  be  notself  shaved  he  becomes  a 
joint-tort- feasor.  Since  the  barber  is  presumed  to  be  ethical  and  self  respecting,  he  will 
avoid  participating  in  any  action  that  violates  his  shaving  monopoly.  Hence  the  word 
"all"  in  the  "all  and  only"  phrase  bars  the  barber  from  being  notself-shaved,  thus  requiring 
the  barber  to  remain  permanently  bearded. 

The  same  kind  of  monopoly  argument  applied  to  the  Grelling  and  to  the  Russell 
propositions  shows  that  "heterological"  can't  be  grelling-classified  as  either  heterological 
or  autological,  and  that  Russell's  class  W  can't  be  contained  as  a  member  in  any  class, 
including  itself.  The  monopoly  argument  may  seem  to  be  less  persuasive  in  these  two 
cases,  but  only  because  words  and  classes  are  inanimate  objects. 

Resolution  of  the  Grelling  and  village  barber  paradoxes 

Foundations  of  these  two  paradoxes  are  obviously  ambiguous  language  in  their 
propositions  interpreted  to  require  all  adjectives  to  be  grelling-classified  and  all  men 
residing  in  a  certain  village  to  be  shaved.  Plausibly  correcting  the  ambiguous  language, 
as  shown  above,  yields  propositions  that  lead  logically  to  the  noted  noncontradictory 
conclusions,  thus  resolving  the  paradoxes. 

Important  Difference  between  Russell's  Paradox  and  the  Others 

Plausible  elimination  of  ambiguity  in  the  classical  Russell  paradox  proposition,  as 
presented  above,  fails  to  resolve  the  paradox.  The  unambiguous  proposition  remains  self 
contradictory  because  it  asserts  that  class  W  is  a  member  of  the  class  of  all  and  only 
classes.  That  assertion  conflicts  with  proof  in  later  paragraphs  of  this  paper  (and 
mentioned  in  the  METHOD  section)  that  class  W  can't  be  a  member  of  any  class. 
Additional  modification  of  the  proposition,  as  shown  later,  is  needed  to  resolve  the 
paradox. 
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Proposition  Z  and  General  Class  S 

In  well-defined  multi-membered  general  class  S  there  is  member  O,  the  class  operator, 
which  performs  definable  operation  P  upon  all  and  only  those  members  of  class  S  which 
are  notself  P-operated-upon,  said  operation  being  consistent  with  the  operating  options  of 
member  O. 

The  plausibly  corrected  Grelling  and  barber  paradox  propositions  are  analogs  of 
Proposition  Z.  For  example,  the  class  of  all  and  only  men  residing  in  a  certain  village  is 
an  analog  of  class  S;  the  barber  is  an  analog  of  member  O  in  class  S;  shaving  is  an 
analog  of  definable  operation  P;  the  barber's  clients,  all  and  only  the  men  residing  in  the 
village  who  are  notself  P-operated-upon,  comprise  an  analog  of  the  members  of  class  S 
which  are  notself  P-operated-upon.  Attention  is  called  to  an  important  feature  of  class  S. 
The  class  S  members  which  are  notself  P-operated-upon  comprise  a  proper  subclass  of 
class  S,  and  the  minimum  membership  in  the  residual  sub-class  of  class  S  is  member  O, 
the  class  operator. 

If  a  plausible  modification  of  the  corrected  Russell  paradox  proposition  analogous  to 
Proposition  Z  can  be  found,  then  all  three  paradox  propositions  can  be  linked  by  the  class 
operator  rule.  Such  proposition,  or  new  definition  of  Russell's  class  W,  is  presented  in 
the  following  paragraph. 

New  Definition  of  Russell's  Class  W 

In  the  class  of  all  and  only  class  names  residing  in  the  domain  of  variable  x  in  the 
propositional  scheme  P(x)  of  class  formation  there  is  "W",  the  name  of  Russell's  class 
W,  which  denotes  all  and  only  those  class  names  that  are  notself  denoted  in  logical 
propositions. 

The  monopoly  argument  used  earlier  to  show  that  the  barber  won't  be  shaved,  that  coined 
adjective  "heterological”  can't  be  grelling-classified,  that  class  W  can't  be  a  class  member 
works  equally  well  to  show  that  the  name  of  class  W  can't  be  denoted  in  logical 
propositions. 

The  class  names  denoted  by  "W"  comprise  an  analog  of  class  S  members  that  are  notself 
P-operated-upon.  Such  class  names  comprise  a  proper  subset  of  the  class  names  in  the 
domain  of  variable  x  in  P(x)  and  "W"  is  the  residual  class  name  in  that  domain.  "W" 
can't  denote  itself  in  logical  propositions.  The  class  operator  rule  and  the  fundamental 
convention  of  symbolic  language  both  forbid  self  denotation.  The  result  is  consistent 
with  rejection  of  self  membered  classes  by  current  class  theory. 

Resolution  of  Russell's  Paradox 

The  paradox  is  resolved  by  a  three-step  operation.  One,  plausibly  correct  the  paradox 
proposition  for  ambiguity;  two,  add  the  definition-precision  phrase  "all  and  only"  to 
Russell's  definition  of  class  W;  three,  shift  attention  from  classes  to  class  names  as  class 
members.  The  result  is  a  definition  of  class  W  yielding  uncontradictory  conclusion  that 
"W"  can't  be  denoted  in  logical  propositions.  There  is  no  contradiction  in  that 
conclusion,  for  if  "W"  were  to  be  denoted  in  a  logical  proposition,  that  denotation  must 
be  accomplished  with  a  name  for  "W"  as  the  subject  of  the  proposition.  See  Tarski 
(1944)  and  Linsky  (1952). 
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Class  operators  and  the  Class  Operator  Rule  (COR) 

The  village  barber,  coined  adjective  "heterological"  and  "W",  the  name  of  Russell's  class 
W,  are  class  operators.  Each  operator  is  an  analog  of  member  O  in  general  class  S  as 
defined  in  Proposition  Z,  the  latter  first  mentioned  in  the  METHOD  section  of  this  paper. 
Logical  inability  of  every  class  operator  to  receive  its  own  operation  is  the  foundation  of 
the  class  operator  rule  (COR).  The  COR  is  stated  as  follows: 

In  any  definition  of  class  membership  based  on  action  by,  or  function  of,  a  class 
operator  as  defined  in  Proposition  Z,  no  language  shall  be  used  that  excludes  the 
operator  from  its  universal  class  or  that  includes  the  operator  in  the  notself  P- 
operated-upon  proper  subclass  of  that  universal  class. 

Class  membership 

Earlier  argument  that  correctly  defined  class  W  can't  be  a  class  member  raises  this 
question:  "Is  the  inability  of  that  class  to  be  a  class  member  restricted  to  that  class  or  is 
such  inability  a  feature  common  to  all  classes?"  In  his  textbook  on  naive  set  theory 
Gleason  (1966)  throws  light  on  the  question.  Quoting  from  Section  6  of  Chapter  2: 
"When  we  wish  to  consider  a  set  whose  elements  a,  b,  c,  etc.  can  be  explicitly  listed,  we 
may  denote  it  by  (a,  b,  c.  .  .  .  k).  Formally,  this  notation  can  be  used  only  when  there 
are  finitely  many  elements  and  we  are  prepared  to  write  them  out  in  full  ....  In 
connection  with  this  notation,  it  must  be  emphasized  that  there  is  a  distinction  between 
an  object  x  and  the  set  (x)  which  has  just  that  one  object.  Similarly,  when  a  et  A  appears 
as  an  element  of  another  set  B,  the  elements  of  A  are  not  counted  among  the  elements  of 
B,  at  least  not  by  virtue  of  their  membership  in  A.  Suppose  that  A  =  (1,2)  and  B  =  (A, 
1).  Here  2  is  an  element  of  A  but  2  is  not  an  element  of  B.  The  fact  that  1  is  an  element 
of  A  and  1  is  an  element  of  B  is  a  coincidence. 

The  author  of  this  paper  interprets  Gleason's  quoted  remarks  about  the  list  notation  of 
elements  to  imply  that  membership  of  one  class  in  another  class  is  restricted  to  the  name 
of  the  first  class.  That  interpretation  answers  the  question  raised  earlier.  The  provided 
inability  of  class  W  to  be  a  class  member  is  a  feature  common  to  all  classes. 

Russell's  Rule  for  Collections:  Self  Membered  Classes 

In  his  study  of  class  W,  Russell  (1908)  arrived  at  this  rule  for  collections:  "Whatever 
involves  all  of  a  collection  must  not  be  one  of  the  collection."  Since  the  name  of  a 
collection  involves,  by  denotation,  all  members  of  the  collection,  Russell's  rule  leads  to 
conclusion  that  no  class  can  contain  its  name  as  a  member  of  the  named  class.  The 
concept  of  self  membered  classes  is  invalidated  by  combining  Russell's  rule  with  the 
principle  that  class  membership  is  restricted  to  class  names. 

Definition  of  the  word  "class" 

A  class  is  a  linguistic  association  of  one  and  only  one  uncontained  class  name  with  one 
or  more  contained  class  names,  said  uncontained  name  denoting  collectively  all  and  only 
said  contained  names,  each  contained  name  denoting  a  mathematical  object  that  is  a 
distinct  species  in  a  defined  genus  of  mathematical  objects. 
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Literature  Arguments  Supporting  Alleged  Self  Contradiction  in  the 
Village  Barber  Paradox  Proposition 

Fraenkel  and  Bar-Hillel  (1958)  and  Quine  (1962)  dismiss  the  village  barber  as  an 
unrealistic  person  because  the  paradox  proposition,  as  those  authors  read  it,  poses  an 
impossible  task  for  the  barber.  But  the  same  authors  accept  the  reality  of  Russell's  class 
W  despite  the  fact  that  definition  of  the  class  also  leads  to  claimed  self  contradiction. 
Quine  points  out  that  the  two  paradoxes  are  exact  parallels  and  he  explains  why  class  W 
is  accepted  but  the  barber  is  rejected.  "The  reason  is  that  there  has  been  in  our  habits  of 
thought  an  overwhelming  presumption  of  there  being  such  a  class  but  no  presumption  of 
there  being  such  a  barber."  Quine's  reasoning  on  the  subject  is  frank  but  astonishing. 
Quine  consigns  the  barber  to  limbo  with  ad  hominem  argument;  then,  by  logical 
prestidigitation,  he  rescues  class  W  from  the  barber's  fate  by  the  same  kind  of  argument. 
It  will  be  instructive  to  examine  in  detail  Quine's  argument  sustaining  the  absurd 
conclusion  that  the  barber  shaves  himself  if  and  only  if  he  does  not  shave  himself. 

Unfortunately,  Quine  offers  substantially  no  sustaining  argument.  The  only  clue  to  such 
argument  is  the  sentence  following  his  statement  of  the  paradox  proposition:  "Any  man 
in  this  village  is  shaved  by  the  barber  if  and  only  if  he  is  not  shaved  by  himself."  That 
sentence  leads  to  self  contradiction  because  the  barber  is  a  village  resident.  But  Quine's 
statement  of  the  paradox  lacks  explicit  assertion  that  every  man  residing  in  the  village  is 
shaved,  either  self  shaved  or  barber  shaved.  By  what  reasoning,  then,  does  Quine  justify 
his  use  of  "any  man"  in  the  quoted  sentence? 

Awkward  Position  of  Permanently  Bearded  Men  in  the  Barber  Paradox 
Scenario 

Quine  appears  to  interpret  the  clause  "those  men  residing  in  that  village  who  do  not  shave 
themselves"  as  including  permanently  bearded  men.  Although  such  inclusion  poses  an 
impossible  task  for  the  barber,  the  inclusion  may  be  a  legitimate  interpretation  of  the 
clause  by  the  special  language  of  symbolic  logic  (Boolean  algebra).  On  the  other  hand, 
that  interpretation  leads  to  an  abnormal  dichotomous  classification  of  village  resident  men 
regarding  face  hair  condition.  Permanently  bearded  men,  as  a  separate  category,  are 
concealed  in  the  abnormal  classification;  they  have  lost  their  identity  as  they  appear  in  the 
normal  classification.  The  normal  classification  first  divides  village  resident  men  into  (1) 
those  who  are  shaved  and  (2)  those  who  are  permanently  bearded.  The  shaved  group  is 
then  subdivided  into  self  shaved  and  notself  shaved  subgroups.  The  abnormal 
classification  first  divides  the  village  resident  men  into  (3)  men  who  do  shave  themselves 
and  (4)  men  who  do  not  shave  themselves.  The  (4)  group  may  or  may  not  be  subdivided 
into  (4a)  those  who  are  barber  shaved  and  (4b)  those  who  are  permanently  bearded, 
depending  upon  the  philosophical  view  of  the  classifier. 

Defenders  of  the  alleged  barber  paradox  prefer  to  interpret  the  clause  "men  who  do  not 
shave  themselves"  in  the  abnormal  classification  (group  4)  as  being  restricted  to  village 
resident  men  who  are  notself  shaved  i.e.,  barber  shaved.  And  when  confronted  with  the 
unarguable  fact  that  a  permanently  bearded  man  is  one  who  does  not  shave  himself,  the 
paradox  defender  takes  refuge  in  declaring  that  the  (4b)  group  is  superfluous,  i.e., 
equivalent  to  the  (4a)  group  (barber-shaved  men).  Quine's  use  of  "any  man"  in  his 
development  of  the  barber  contradiction  can  thus  be  justified,  but  that  justification  rests 
upon  an  abnormal  dichotomous  classification  of  the  village  resident  men. 
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There  are  three  distinct  groups  of  village  resident  men  in  the  barber  paradox  scenario:  (1) 
self  shaved  men,  (2)  barber  shaved  men  and  (3)  permanently  bearded  men.  The  three 
groups  exhaust  the  family  of  village  resident  men.  The  problem  is  to  provide  a  rational 
dichotomous  classification  of  the  groups  into  two  general,  one  of  which  contains  two  of 
the  groups.  Paradox  defenders  prefer  the  (2)  +  (3)  genus,  but  in  addition  they  reduce  that 
genus  to  the  (2)  group  on  the  ground  that  group  (3)  is  superfluous.  The  result  is  a  two- 
genus  family  in  which  every  member  is  shaved,  either  self  shaved  or  barber  shaved.  The 
stage  is  thus  rigged  to  ensure  that  the  barber  is  shaved,  thereby  guaranteeing  the  necessary 
contradiction. 

Author  of  this  paper  offers,  instead,  the  (1)  +  (2)  genus  of  village  resident  men.  The 
members  of  the  former  genus  possess  the  common  property  of  being  shaved;  the 
members  of  the  latter  genus  lack  that  common  property. 

First  Theory  of  Classes  with  Definitions  and  Axioms  (Zermelo,  1908) 

Zermelo  accepted  Russell's  paradox  as  a  roadblock  to  development  of  a  consistent  theory 
of  classes.  He  claimed  that  Russell's  class  W  can't  be  an  element  of  the  domain  of 
variable  x  in  Zermelo's  propositional  scheme  P(x)  of  class  formation,  but  Zermelo  was 
misled  into  concluding  that  class  W  is  abnormal.  It  was  mathematical  gospel,  as  it  is 
now,  that  membership  of  one  class  in  another  class  is  restricted  to  normal  classes. 
Zermelo  designed  his  Axiom  3  (Axiom  of  Separation)  to  circumvent  class  W.  quoting 
from  Zermelo's  1908  paper:  "By  giving  us  a  large  measure  of  freedom  in  defining  new 
sets,  Axiom  3  in  a  sense  furnishes  a  substitute  for  the  general  definition  that  was  cited  in 
the  introduction  and  rejected  as  untenable.  In  the  first  place,  sets  may  never  be 
independently  defined  by  means  of  this  axiom  but  must  always  be  separated  as  subsets 
from  sets  already  given . " 

Zermelo's  view  of  Russell's  class  W  was  modified  by  later  workers  in  class  theory.  Class 
W  was  then  accommodated,  by  new  axioms,  as  a  proper  class.  Quoting  from  the 
Introduction  in  a  recent  textbook  (Takeuti  and  Zaring,  1982):  "In  G_del-Bernays  set 
theory  the  classical  paradoxes  are  avoided  by  recognizing  two  types  of  classes,  sets  and 
proper  classes.  Sets  are  classes  that  are  permitted  to  be  members  of  other  classes.  Proper 
classes  have  sets  as  elements  but  are  not  themselves  permitted  to  be  elements  of  other 
classes." 

In  a  paper  concerned  chiefly  with  consistency  of  the  continuum  hypothesis,  Kurt  Gddel 
presented  a  17-axiom  system  of  class  theory.  He  accepted  the  distinction  between  set 
classes  and  proper  classes  (nonsets),  proved  that  the  concept  of  self  membered  classes  is 
untenable  by  means  of  his  Axiom  D,  and  concluded  that  a  proper  class,  e.g.,  his  universal 
class  can  never  occur  as  an  element.  Gddel  avoided  referring  to  Russell's  paradox.  Lack 
of  that  reference  seems  odd  to  this  author  because  Gddel  implies  that  his  universal  class  is 
the  same  as  Russell's  class  W.  Gddel  also  implies  the  existence  of  more  than  one  proper 
class  by  referring  to  his  universal  class  as  an  example  of  a  proper  class.  Takeuti  and 
Zaring  (1982)  also  refer  to  a  multiplicity  of  proper  classes.  Such  multiplicity  seems 
anomalous  to  this  author  because  the  individual  proper  classes  appear  to  be  elements  of  a 
collection. 
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Gleason's  Development  of  Russell's  Paradox  from  the  Propositional 
Scheme  (P(x)  of  Class  Formation 

Quoting  from  Section  7,  Chapter  2  of  Gleason's  textbook  on  naive  set  theory  (Gleason, 
1966):  "In  Section  2-6  we  established  a  notation  which  enables  us  to  replace  complicated 
logical  statements  by  sets.  Unfortunately,  if  one  does  this  too  freely,  a  formal 
contradiction  can  arise.  There  are  a  number  of  these  so-called  paradoxes  of  set  theory.  We 
shall  give  here  what  is  known  as  Russell's  paradox. . . 

Gleason's  assertion  that  a  too-free  use  of  the  P(x)  method  of  class  formation  leads  to 
contradiction  is  misleading.  The  truth  is  the  method  always  leads  to  contradiction.  This 
occurs  for  two  reasons.  One,  current  class  theory  rejects  the  notion  of  self-membered 
classes,  thus  limiting  set  classes  to  notself-membered  classes,  the  same  kind  as  Russell's 
class  W.  Two,  the  P(x)  method  allows  the  domain  of  variable  x  to  be  co-extensive  with 
the  universal  class  of  class  names  under  consideration.  The  method  runs  the  name  of  a  set 
being  formed  (e.g.,  "G")  through  its  procedure  and  obtains  "for  all  x,  x  is  an  element  of 
set  G  if  and  only  if  x  is  not  an  element  of  x."  Replacing  x  with  G  yields  the  self 
contradiction  "G  is  an  element  of  G  if  and  only  if  G  is  not  an  element  of  G." 

Failure  of  Zermelo's  P(x)  method  of  class  formation  to  perform  as  intended  is  remedied  by 
adopting  this  author's  class  operator  rule.  That  rule  deletes  the  name  of  the  class  being 
formed  by  P(x),  and  only  that  name,  from  the  universal  class  of  names  under 
consideration.  The  deletion  occurs  because  the  name  of  any  object,  concrete  or  abstract,  is 
endowed  with  the  class  operator  function  by  the  fundamental  convention  of  symbolic 
language.  See  Tarski,  (1944  and  Linsky,  1952).  The  convention  requires  use  of  an 
object's  name,  never  the  object  per  se,  as  the  subject  of  a  sentence  or  sentence  equivalent 
asserting  or  denying  anything  about  the  object.  So,  if  something  is  to  be  asserted  about 
an  object,  e.g.,  that  the  object  is  an  element  of  a  set  class,  the  object's  name  must  be  used 
in  the  asserting  sentence  as  the  subject  of  that  sentence. 

Frege's  Axiom  of  Abstraction 

Takeuti  and  Zaring  (1982),  in  the  introduction  of  their  textbook  on  axiomatic  set  theory, 
refer  to  an  alleged  naive  idea  accepted  by  Frege  (1893)  in  his  Grundgesetze  der  Arithmetik. 
From  Chapter  4  of  the  textbook:  "We  pointed  out  in  the  Introduction  that  one  objective 
of  axiomatic  set  theory  is  to  avoid  the  classical  paradoxes.  One  such  paradox,  the  Russell 
paradox,  arose  from  the  naive  acceptance  of  the  idea  that  given  any  property  there  exists  a 
set  whose  elements  are  the  objects  having  that  property,  i.e.,  given  a  well-formed  formula 
0  containing  one  free  variable,  there  exists  a  set  that  contains  all  objects  for  which  0 
holds  and  contains  no  object  for  which  0  fails  to  hold.  More  formally  there  exists  a  set 
A  such  that  **  for  all  x,  x  is  an  element  of  set  A  if  and  only  if  x  is  not  an  element  of 
x**,  then  in  particular  **  set  A  is  an  element  of  set  A  if  and  only  if  set  A  is  not  an 
element  of  set  A**.  This  principle,  called  the  Axiom  of  Abstraction,  was  accepted  by 
Frege  (193).  In  a  letter  to  Frege  (1902)  Bertrand  Russell  pointed  out  that  the  principle 
leads  to  paradox.  The  idea  of  the  collection  of  all  objects  having  a  specified  property  is  so 
basic  that  we  could  hardly  abandon  it.  But  if  it  is  to  be  retained  how  shall  the  paradox  be 
resolved?" 
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The  expressions  enclosed  by  double  asterisks  in  the  above  paragraph  are  translations  of 
well-formed  formulas  written  in  the  conventional  symbols  of  class  theory.  Attention  is 
called  to  the  following  parts  of  those  translations:  "x  is  not  an  element  of  x';  "set  A  is 
not  an  element  of  set  A."  Those  parts  are  ambiguous.  Variable  x  (an  undesignated  set) 
may  be  either  (1)  notself-membered  (ordinary)  or  it  may  be  (2)  a  member  of  no  set, 
including  itself.  Likewise,  set  A  may  be  either  (1)  notself-membered  (ordinary)  or  it  may 
be  (2)  a  member  of  no  set,  including  itself. 

The  author  of  this  paper  takes  the  stand  that  ambiguous  language  has  no  proper  place  in 
class  theory,  especially  in  argument  used  by  Russell  and  other  mathematicians  to  support 
the  views  that  Russell's  class  W  is  self-contradictory  and  that  Frege's  Axiom  of 
Abstraction  is  responsible  for  the  so-called  Russell  paradox.  Defenders  of  Russell's 
paradox  may  deny  ambiguity  in  Russell's  definition  of  class  W  and  attempt  to  validate  the 
alleged  ambiguity  with  abnormal  dichotomous  classification  of  objects.  But  their  effort 
is  incompatible  with  Frege's  Axiom  of  Abstraction. 

From  Frege  to  Godel,  van  Heijenoort  (1967) 

The  June  1902  exchange  of  letters  between  Bertrand  Russell  and  Gotlob  Frege,  in 
German,  remained  unpublished  until  approved  English  translations  were  published  in 
1967  by  Jean  van  Heijenoort.  Careful  reading  of  those  translations  fails,  in  this  author's 
opinion,  to  support  the  literature  contention  that  Frege's  Axiom  of  Abstraction  is 
responsible  for  Russell's  paradox.  Relevant  excerpts  from  the  translations  are  presented 
below. 

Russell's  16  June  1902  Letter  to  Frege  —  There  is  just  one  point  where  I  have 
encountered  a  difficulty.  You  state  .  .  .  that  a  function,  too,  can  act  as  the 
indetermite  element.  This  I  formerly  believed,  but  now  this  view  seems 
doubtful  to  me  because  of  the  following  contradiction.  Let  w  be  the  predicate:  to 
be  a  predicate  that  cannot  be  predicated  of  itself.  Can  w  be  predicated  of  itself? 
From  each  answer  its  opposite  follows.  Therefore  we  must  conclude  that  w  is 
not  a  predicate.  Likewise  there  is  no  class  (as  a  totality)  of  those  classes  which, 
each  taken  as  a  totality,  do  not  belong  to  themselves.  From  this  I  conclude  that 
under  certain  circumstances  a  definite  collection  (Menge)  does  not  form  a 
totality. 

Frege  s  22  June  1902  letter  to  Russell  —  Your  discovery  of  the  contradiction 
caused  me  the  greatest  surprise  and,  I  should  say,  consternation,  since  it  has 
shaken  the  basis  on  which  I  intended  to  build  arithmetic,  it  seems,  then  that 
transforming  the  generalization  of  an  equality  into  an  equality  of  courses-of-value 
...  is  not  always  permitted,  that  my  Rule  5  is  false,  and  that  my  explanations  . 

.  .  are  not  sufficient  to  ensure  that  my  combinations  of  signs  have  a  meaning  in 
all  cases.  I  must  reflect  further  on  the  matter  ....  Incidentally,  it  seems  to  me 
that  the  expression  "A  predicate  is  predicated  of  itself  is  not  exact.  A  predicate 
is  as  a  rule  a  first  level  function,  and  this  function  requires  an  object  as  argument 
and  cannot  have  itself  as  argument  (subject).  Therefore,  I  prefer  to  say,  "A 
concept  is  predicated  of  its  own  extension." 
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It  is  to  be  noted  that  Frege  agreed  with  Russell's  acceptance  of  self  predicated  predicates. 
Frege  knew  that  the  fundamental  convention  of  symbolic  language  requires  all  predicates 
in  logical  propositions  to  be  notself  predicated,  but  Russell  didn't.  Also,  Frege's  efforts 
to  explain  that  point  to  Russell  was  either  ignored  or  overlooked  by  Russell.  The 
important  role  that  Russell's  paradox  has  played  in  class  theory  is  testimony  to  the 
powerful  influence  of  Russell's  views. 

Fraenkel  and  Bar-Hillel  View  of  Russell's  Paradox 

Quoting  from  the  authors'  1958  paper:  "Let  it  be  very  clearly  stated  at  the  outset  that 
there  was  absolutely  nothing  in  the  traditional  treatments  of  logic  and  mathematics  that 
could  serve  as  a  basis  for  the  elimination  of  this  antinomy.  We  think  that  all  attempts  to 
handle  the  situation  without  departure  from  traditional,  i.e.,  pre-20th  century,  ways  of 

thinking  have  failed  thus  far  and  are  misguided  in  their  aim." . The  quoted  view  of 

Russell's  paradox  by  Fraenkel  and  Bar-Hillel  is  a  ringing  endorsement  of  the  use  of 
ambiguous  language  in  the  pinnacle  branch  of  mathematics. 

SUMMARY 

The  classical  Russell,  Grelling  and  village  barber  paradox  propositions  are  ambiguous. 
When  plausibly  corrected  for  that  defect  the  Russell  proposition  remains  self¬ 
contradictory.  The  corrected  propositions  lead  to  these  logical  conclusions:  (1)  Russell's 
class  W  can't  be  contained  as  a  member  in  any  class,  including  itself;  (2)  coined  adjective 
"heterological"  can't  be  grelling-classified  as  either  autological  or  heterological;  (3)  the 
village  barber  won't  be  shaved,  thus  remaining  permanently  bearded.  The  correctly  defined 
Grelling  and  barber  classes,  but  not  such  Russell  class,  are  analogs  of  a  postulated  general 
class  S  that  contains  member  O,  a  class  operator,  which  performs  definable  operation  P 
upon  all  and  only  those  members  of  class  S  which  are  notself  P-operated-upon.  Shifting 
attention  from  classes  to  class  names  as  class  members  yields  a  new  Russell  class  which 
is  an  analog  of  class  S.  The  village  barber,  coined  adjective  "heterological"  and  "W",  the 
name  of  class  W.  are  class  operators,  each  analogous  to  member  O  in  class  S.  Logical 
inability  of  each  class  operator  to  receive  its  own  operation  is  the  foundation  of  the  class 
operator  rule.  That  rule  supplements  Zermelo's  propositional  scheme  P(x)  of  class 
formation  in  three  ways:  (1)  it  eliminates  Zermelo's  hereditary  classes;  (2)  it  removes  the 
distinction  between  set  classes  (sets)  and  proper  classes  (nonsets);  (3)  it  restores  Frege's 
Axiom  of  Abstraction  to  independent  status.  The  P(x)  scheme  of  class  formation, 
currently  leading  to  self-contradiction  in  every  instance  of  its  use,  becomes  functional  as 
intended.  Class  membership  is  restricted  to  class  names  because  no  class,  in  terms  of  its 
members,  can  be  a  class  member.  Combining  that  conclusion  with  Russell's  rule  for 
collections  invalidates  the  concept  of  self-membered  classes.  The  word  "class"  is  defined 
in  terms  of  two  kinds  of  class  names:  contained  and  uncontained  in  named  classes.  Both 
kinds  of  class  names  reside  in  the  domain  of  variable  x  in  the  propositional  scheme  P(x) 
of  class  formation.  Current  criticism  of  Frege's  principle  of  class  formation  (Axiom  of 
Abstraction)  as  leading  to  Russell's  paradox  is  shown  to  depend  upon  flawed  argument. 
Adoption  of  the  conclusion  that  class  names  only  can  be  class  members  will  require  a 
minor  change  only  in  class  theory  symbolism. 
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Mathematics  is  often  equated  with  logic,  and  class  theory  is  now  regarded  as  the  pinnacle 
branch  of  mathematics.  That  branch  ought  to  be  devoid  of  ambiguous  language  and 
dichotomous  classification  of  objects  that  violates  Frege's  principle  of  class  formation. 
Since  class  theory  now  rejects  the  idea  of  self-membered  classes,  the  idea  of  uncontained 
classes  (those  which  are  never,  never  contained  as  class  members)  is  the  principle 
remaining  for  acceptance. 

Attention  is  called  to  the  reasoning  strategy  used  in  current  class  theory  to  avoid  the 
classical  paradoxes.  See  Takeuti  and  Zaring  (1982).  Axiomatic  distinction  between  set 
classes  (sets)  and  proper  classes  (nonsets)  is  ad  hoc  and  subjective.  The  author  of  this 
paper  offers  an  objective  chain  of  reasoning  to  avoid,  i.e.,  resolve  those  paradoxes. 
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ABSTRACT 

Attitudes  and  perceptions  of  suburban  Carbondale,  Illinois  residents  towards  white-tailed 
deer  ( Odocoileus  virginianus )  were  surveyed  in  September  1990.  To  evaluate 
distribution  and  intensity  of  deer  use  of  neighborhoods,  residents  were  asked  questions 
pertaining  to  their  personal  knowledge,  interest,  and  experiences  with  the  deer  population. 
Nearly  all  respondents  had  seen  deer  with  most  sightings  occurring  in  autumn.  People 
were  more  concerned  with  deer-related  accidents  than  disease  transmission  or  plant 
damage  and  most  respondents  preferred  a  stabilization  or  decrease  in  the  population,  yet 
<50%  supported  traditional  controls.  This  suggests  a  need  for  research  into  the  viability 
of  deer  management  practices  that  include  alternative,  non-lethal  methods. 

INTRODUCTION 

The  ability  of  white-tailed  deer  to  coexist  with  humans  has  created  new  challenges  and 
problems  for  deer  managers  (Roseberry  and  Woolf  1991).  Wildlife  management  occurs 
in  the  public  arena  and  decisions  are  being  increasingly  scrutinized  by  special-interest 
groups  (e.g.,  animal  rights  movement)  (Decker  et  al.  1991).  Curtis  and  Richmond  (in 
press)  state:  "Mismanagement  of  highly-visible  human-wildlife  conflicts  will 
undoubtedly  attract  media  attention  and  erode  public  confidence  in  our  profession."  No 
other  aspect  of  wildlife  management  is  as  visible  to  the  public  as  the  deer/human  conflicts 
that  are  currently  occurring  in  North  American  cities  and  suburbs.  Because  deer 
management  in  suburban  situations  would  literally  occur  in  people's  backyard,  requesting 
input  from  individuals  that  are  most  affected  is  paramount  to  avoiding  confrontation. 

The  objective  of  this  study  was  to  ascertain  the  attitudes  and  perceptions  of  residents  in  a 
southern  Illinois  community  that  has,  in  recent  years,  experienced  an  increase  in  the  deer 
population  (Comicelli  1992).  Information  generated  from  this  survey  was  used  to 
determine  the  level  of  public  acceptance  and  tolerance  of  deer  and/or  their  concerns  and 
the  implications  of  having  deer  in  their  neighborhood. 
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STUDY  AREA 

The  survey  was  conducted  in  Carbondale,  Jackson  County,  southwestern  Illinois. 
Patterns  of  residency  ranged  from  single-family  houses  to  high-density  apartments  and 
trailer  courts  to  semi-rural  farmhouses.  Since  incorporation  in  1842,  the  human 
population  of  Carbondale  has  increased  from  500  (Hornberger  1964)  to  27,033  in  1990 
(U.S.  Dept.  Commer.,  Bur.  of  Census  1991).  The  incorporated  area  has  increased  from 
an  original  0.01  km2  in  1842  to  15.5  km2  in  1990  (J.  Rayfield,  Carbondale  Planning 
Commission,  pers.  commun.). 

Habitat  composition  within  the  city  limits  and  areas  immediately  adjacent  was  49.2% 
developed,  13.8%  woods,  13.1%  oldfield,  12.8%  agriculture,  and  11.1%  grasses. 
Habitats  available  to  deer  consisted  mainly  of  blocks  of  woods  and  fields  (8-50  ha  in  size) 
(Comicelli  1992). 


METHODS 

Names  and  mailing  addresses  of  1988  registered  voters  in  the  Carbondale  area  were 
obtained  from  the  County  Courthouse  in  Murphysboro,  Jackson  County,  Illinois.  The 
sample  consisted  of  2,120  people  randomly  selected  from  a  pool  of  14,166  voters.  We 
attempted  to  select  100  names  from  each  of  29  voting  precincts  to  ensure  equal 
representation  of  all  regions  within  the  study  area;  however  this  was  not  always  possible. 

A  self-administered  mail-back  questionnaire  was  mailed  to  households  in  September 
1990.  Follow-ups  were  not  sent  to  non-respondents.  The  survey  was  a  modification  of 
that  used  by  Decker  and  Gavin  (1985)  in  New  York.  Residents  were  asked  about  their 
personal  experiences  with  deer,  concerns  about  the  animals,  and  attitudes  about  having 
deer  in  the  area  (Appendix  I). 

Two  groups  of  residents  were  identified  from  the  onset:  those  that  lived  in  a  rural  setting 
with  potentially  more  exposure  to  deer,  and  those  with  city  addresses  who  may  encounter 
deer  less  often.  Returned  surveys  from  each  group  were  analyzed  separately  for 
differences  in  response  based  on  housing  location.  Significant  differences  between 
groups  (city  vs.  rural;  Chi-square  Goodness-of-fit  test;  alpha  =  0.05)  were  reported 
separately  and  non-significant  differences  were  combined.  Percentages  were  reported  as 
frequency  of  response  and  statistical  tests  were  not  conducted  on  individual  answers. 
Data  were  analyzed  using  the  SAS  computer  package  (SAS  Inst.  1985). 

RESULTS 

Survey  Response 

Of  2,120  households  surveyed,  2  questionnaires  were  undeliverable  and  671  were 
completed  and  returned  (658  usable),  for  an  adjusted  response  rate  of  31.7%.  Usable 
responses  were  <658  for  some  variables  due  to  item  non-response.  Additionally,  some 
questions  allowed  for  multiple  answers,  so  percentages  may  not  total  100.  Rural 
responses  comprised  16%  (n  =  106)  of  completed  surveys;  suburban  residents  accounted 
for  the  remaining  84%  (n  =  552). 
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Deer-human  Interactions 

Ninety-seven  percent  of  rural  residents  had  seen  deer  in  the  Carbondale  area  within  the 
last  3  years  versus  70%  of  city  respondents.  Deer  were  most  often  seen  in  autumn  (82%), 
followed  by  spring  (69%),  winter  (60%),  and  summer  (57%).  Most  respondents  (61%) 
had  perceived  an  increase  in  the  deer  population,  19%  thought  deer  numbers  had 
remained  stable,  and  only  4%  believed  the  population  had  decreased.  An  additional  16% 
were  unsure  of  the  status  of  the  deer  population.  Rural  residents  noticed  a  higher 
proportion  of  roadkills  (42%  vs.  21%),  possibly  because  many  of  the  secondary  roads 
leading  into  outlying  areas  have  a  higher  incidence  of  deer/ vehicle  collisions. 

Forty-four  percent  of  the  respondents  (n  =  212)  indicated  they  had  either  seen  deer,  or 
evidence  of  deer  on  their  property.  Only  36%  {n  =  135)  of  city  respondents  had  seen  deer 
on  their  property  in  contrast  to  77%  (n  =  77)  of  rural  respondents.  Seven  percent  of  all 
respondents  indicated  they  fed  deer  and  an  additional  10%  said  they  knew  of  neighbors 
that  did  so. 

Nearly  all  Carbondale  respondents  (90%)  had  some  planted  vegetation  on  their  property. 
Woody  ornamentals  were  the  most  popular  (81%),  followed  by  flower  gardens  (66%), 
vegetable  gardens  (36%),  and  fruit  trees  (27%).  Of  those  respondents  that  had  observed 
deer  on  their  property,  50%  ( n  =  103)  indicated  that  deer  had  caused  some  damage  to 
vegetation.  Woody  ornamentals  were  the  most  frequently  browsed  (41%),  followed  by 
vegetable  gardens  (26%),  and  flower  gardens  (15%). 

Residents'  Attitudes  and  Concerns 

Forty-eight  percent  of  all  respondents  (rural  =  59%;  city  =  46%)  indicated  they  enjoyed 
deer  and  had  no  reservations  about  having  them  in  the  area.  Thirty-three  percent  (rural  = 
36%;  city  =  32%)  said  they  enjoyed  having  deer  but  were  concerned,  and  19%  (rural  = 
4%;  city  =  22%)  were  either  indifferent  or  did  not  like  having  deer  in  the  area.  People 
were  most  concerned  about  the  possibility  of  deer/vehicle  collisions  (75%)  and  they  were 
more  concerned  about  disease  transmission  than  plant  damage  (30%  vs.  18%). 

Nearly  half  (49%)  of  all  respondents  thought  the  deer  population  should  be  stabilized  at 
current  levels  and  more  people  preferred  to  see  the  population  decrease  rather  than 
increase  (33%  vs.  18%).  Eighty-Five  percent  of  the  people  expressing  a  concern  (e.g., 
deer/vehicle  collisions)  favored  stabilization  or  reduction  of  the  deer  population. 
Additionally,  32%  of  those  expressing  no  concerns  preferred  to  see  the  population 
increase;  as  opposed  to  8%  who  would  rather  see  it  decrease  (Fig.  1).  Individuals  that 
had  incurred  personal  damage  (e.g,  out-of-pocket  expense  from  an  accident)  from  deer 
tended  to  be  less  tolerant  of  their  presence.  As  expected,  tolerance  appeared  inversely 
related  to  degree  of  damage  (Fig.  2). 

Potential  Population  Control 

Although  82%  of  all  Carbondale  respondents  preferred  the  population  stabilized  or 
decreased,  only  46%  indicated  they  would  support  some  type  of  lethal  control 
(bowhunting,  shotgun  harvest,  trained  sharpshooters).  A  majority  of  respondents  simply 
wanted  the  deer  left  alone  (Fig.  3).  Rural  residents  tended  to  favor  an  active  reduction  of 
the  deer  herd  (e.g.,  hunting)  more  than  did  city  residents.  However,  as  degree  of  deer- 
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related  property  damage  increased,  tolerance  waned  and  respondents,  regardless  of 
geographic  location,  became  more  inclined  to  favor  active  population  control  (Fig.  4). 

DISCUSSION 

Most  attempts  to  quantify  public  attitudes  and  perceptions  about  deer  have  been  aimed  at 
special-interest  groups  such  as  hunters  (Kellert  1978;  Anderson  and  Kube  1990),  anti¬ 
hunters  (Shaw  1977;  Kellert  1978),  or  farmers  (Brown  and  Decker  1979;  Decker  et  al. 
1981,  1984;  Morgan  et  al.  1992).  Surveys  of  farmers  in  New  York  revealed  considerable 
tolerance  for  deer  damage  and  overall  acceptance  of  a  deer  population  (Brown  et  al. 
1978;  Decker  and  Brown  1982).  Conversely,  farmers  in  Illinois  tended  to  be  less  tolerant 
of  deer  as  few  wanted  to  see  deer  numbers  increase  (Morgan  et  al.  1992). 

The  recent  proliferation  of  deer  in  suburban  areas  (Flyger  et  al.  1983)  has  changed  the 
demographics  of  the  concerned  public.  Contemporary  wildlife  management  must  now 
include  a  human  dimension  (Decker  and  Purdy  1988).  Because  of  the  close  association 
between  deer  and  humans,  public  opinion  and  involvement  in  managing  a  growing 
suburban  deer  population  are  vital.  However,  this  involvement  can  make  traditional 
management  approaches  difficult  or  impossible.  For  example,  preservationists  and/or 
anti-hunters  view  conventional  management  (e.g.,  lethal  control)  as  "barbaric"  (Kellert 
1978).  In  a  typical  suburban  setting,  a  majority  of  residents  have  little  exposure  to  the 
outdoors,  little  knowledge  of  wildlife,  yet  retain  an  idealist  attitude  that  all  life  should  be 
preserved  (Kellert  1978).  Indeed,  in  Carbondale  and  other  suburban  deer  areas, 
conventional  strategies  may  not  be  feasible  and  other  avenues  may  need  to  be  explored 
(e.g.,  long-term  contraception). 

Attitudes  about  suburban  deer  in  Carbondale  were  similar  to  those  reported  elsewhere. 
Carbondale  respondents  were  generally  appreciative  of  deer  until  they  sustained  property 
damage.  A  majority  believed  the  deer  population  should  be  stabilized  or  reduced,  yet 
only  46%  supported  a  controlled  harvest.  A  similar  situation  was  noted  in  Islip,  NY, 
where  residents  also  supported  a  herd  reduction  but  were  against  any  form  of  control 
(Decker  and  Gavin  1987). 

In  many  suburban  situations,  use  of  harvest  as  a  management  tool  is  impossible  because 
of  high  human  population  densities.  Alternative  methods  of  removal  such  as  trap  and 
transfer  are  generally  not  feasible  because  of  high  economic  costs  and  associated 
mortality  (Jones  and  Witham  1990).  The  willingness  of  residents  to  tolerate 
urban/suburban  deer  depends  on  the  amount  of  damage  deer  cause  (Witham  and  Jones 
1987).  In  these  situations,  deer  management  must  be  both  a  benefit  to  the  population  in 
question  and  palatable  to  the  affected  public.  Without  a  combination  of  reliable  scientific 
data  and  public  support,  the  wildlife  manager  will  be  unable  to  effectively  implement 
much-needed  urban/suburban  deer  programs. 
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Appendix  I.  Questions  used  to  construct  deer  survey  booklet  mailed  to  Carbondale, 
Illinois  residents. 


1.  How  long  have  your  been  living  at  your  current  address?  (If  less  than  1  year,  please 
give  fraction  of  year). 

_ years 

2.  Please  describe  your  property  by  indicating  which  items  you  had  during  the  last  12 
months.  (Check  all  that  apply). 

_ vegetable  garden 

_ flower  garden 

_ fruit  trees 

_ shrubs  or  other  ornamentals 

_ none  of  the  above 


3.  Have  you  seen  deer  in  Carbondale  within  the  last  3  years? 

_ no  (Please  skip  to  question  13) 

_ yes 

4.  How  often  do  you  see  deer  in  Carbondale? 

_ often 

_ occasionally 

_ only  at  certain  times  of  the  year 

5.  Have  you  seen  a  deer  roadkill  in  Carbondale  within  the  previous  12  months? 

_ no 

_ yes  (If  possible,  please  indicate  where) 

6.  Since  moving  to  Carbondale,  what  trend  have  you  noticed  in  deer  numbers  in 
Carbondale? 

_ more 

_ fewer 

_ about  the  same  number 

_ don't  know 

7.  Which  season(s)  do  you  see  deer?  (Check  all  that  apply). 

_ winter  (Dec-Feb) 

_ spring  (Mar-May) 

_ summer  (Jun-Aug) 

_ fall  (Sep-Nov) 

8.  Have  you  seen  deer  or  evidence  of  deer  on  your  property  within  the  last  12  months? 
_ saw  deer  on  my  property 

_ saw  evidence  of  deer  on  my  property 

_ never  saw  a  deer  or  evidence  on  my  property  (Please  skip  to  question  13). 


29 


Appendix  I.  (cont.) 

9.  Do  you  provide  supplemental  feed  (e.g.,  corn,  apples)  to  the  deer  in  your 
neighborhood? 

_ no 

_ yes  (If  so,  how  often _ ) 

10.  Do  you  know  if  any  of  your  neighbors  provide  supplemental  feed? 

_ no 

_ yes  (If  so,  how  many _ ) 

11.  Please  indicate  the  type  of  plants  deer  are  eating  on  your  property.  (Check  all  that 
apply). 

_ vegetable  garden 

_ flowers 

_ other  woody  ornamentals 

_ none 

12.  Overall,  how  would  you  describe  the  amount  of  deer  damage  to  your  property  within 
the  last  12  months. 

_ none 

_ light 

_ moderate 

_ substantial 

_ severe 

13.  Are  there  parks,  woods,  or  undeveloped  lands  near  your  property  that  you  believe  are 
used  by  deer? 

_ no 

_ yes  (If  so,  what  type?) 

_ city  park  (which  one _ ) 

_ open  space  or  undeveloped  land 

_ agricultural 

_ woods 

_ other  (please  specify _ ) 

14.  In  general,  how  do  you  feel  about  having  deer  in  your  area? 

_ enjoy  having  them 

_ enjoy  them  but  are  concerned 

_ indifferent 

_ do  not  like  having  deer  in  the  area 

15.  Please  check  any  of  the  item  below  that  are  a  concern  for  you  or  your  family  about 
deer  in  the  area. 

_ deer/vehicle  collisions 

_ Lyme  disease 

_ damage  to  plantings 

_ no  concerns 
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Appendix  I.  (cont.) 

16.  What  type  of  trend  would  you  like  to  see  in  the  deer  population? 

_ moderate  increase 

_ slight  increase 

_ stabilize  at  current  levels 

_ slight  decrease 

_ moderate  decrease 

17.  What  type  of  management  strategy  would  you  support  for  the  Carbondale  deer 
population? 

_ none,  leave  them  alone 

_ bowhunting  only 

_ recreational  hunting 

_ trained  sharpshooters 


Damage  Concerns 


Deer-Vehicle  B  Plant  Damage 


Lyme  DNone 


Preferred  Trend 


Figure  1.  Relationship  of  deer-related  concerns  and 
preferred  trend  in  the  Carbondale  deer  population. 


Degree  of  Damage 


□  None  H  Light  13  Moderate-Severe 


Preferred  Trend 


Figure  2.  Relationship  of  deer-related  damage  incurred  by 
Carbondale  residents  and  preferred  population  trend. 


Non#  Bow-  Shotgun  8 harp-  Combination 
hunting  Harvest  Shooters 

Management  Options 


Figure  3.  Type  of  management  options  preferred,  by  address, 
of  Carbondale  deer  survey  respondents. 
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Harvest 
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Figure  4.  Relationship  of  preferred  management  options  of 
Carbondale  deer  survey  respondents  and  deer-related  damage. 
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ABSTRACT 

Behavior  and  habitat  use  of  canvasback  {Ay  thy  a  valisineria )  and  lesser  scaup  {Ay  thy  a 
affinis )  were  assessed  on  Pool  19  of  the  Upper  Mississippi  River  during  the  spring  and 
fall  of  1982  and  the  spring  of  1983. 

Ducks  were  frequently  observed  in  three  sections  of  the  study  area;  on  the  Illinois  side  of 
the  river  from  Hamilton  to  Nauvoo;  between  Montrose  and  Niota;  and  in  spring  near 
Dallas  City.  Resting  behavior  was  most  prevalent,  followed  by  diving  (feeding)  and 
loafing  (sleeping).  Lesser  scaup  dove  more  and  spent  less  time  loafing  than  canvasbacks. 

For  all  three  seasons,  within  nonvegetated  habitat,  no  significant  seasonal  or  behavioral 
differences  were  found  between  male  and  female  canvasbacks,  but  significant  differences 
were  found  between  the  sexes  of  lesser  scaup.  Differences  in  activities  between  male  and 
female  lesser  scaup  did  not  persist  when  fall  observations  were  excluded,  suggesting 
seasonal  differences  in  use  of  Pool  19.  No  significant  seasonal  or  behavioral  differences 
between  species  were  observed  in  ducks  using  submergent  vegetation  during  the  spring 
periods.  Activity  patterns  for  both  species,  during  the  combined  spring  periods,  were 
significantly  different  between  submergent  vegetation  and  nonvegetated  areas.  It  appears 
these  differences  were  due  largely  to  changes  in  the  distribution  of  diving  and  loafing 
activities  between  habitats. 

Key  Words:  canvasback  {Aythya  valisineria ),  lesser  scaup  {Aythya  affinis ),  Upper 
Mississippi  River,  benthic  fauna,  macrophyte,  Pool  19  or  Keokuk  Pool 
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INTRODUCTION 

Prior  to  1955,  the  largest  concentrations  of  diving  ducks  migrating  through  Illinois  were 
often  found  in  the  Illinois  River  valley  (Mills  et  al.  1966).  The  general  degradation  of 
aquatic  habitat  in  this  historically  important  area  resulted  in  the  loss  of  high  quality 
macrophytes  and  macroinvertebrates,  including  fingernail  clams  ( Musculium  spp.).  These 
changes,  brought  about  by  pollution  and  sedimentation  (Havera  and  Bellrose  1985), 
contributed  to  the  decline  in  diving  duck  use  of  the  Illinois  River  valley  (Mills  et  al. 
1966).  While  this  was  occurring  an  increase  in  diving  ducks  was  noted  on  the  Mississippi 
River  (Mills  et  al.  1966).  In  the  late  1960's,  navigation  Pool  19  of  the  Upper  Mississippi 
River  (UMR),  also  known  as  the  Keokuk  Pool,  became  one  of  the  critical  high-use  areas 
for  diving  ducks  in  inland  North  America  (Thompson  1973),  thus  reflecting  its 
importance  to  this  group  of  waterfowl. 

Because  of  its  biological  significance,  a  wide  range  of  waterfowl  studies  have  been 
conducted  on  Pool  19  including  an  evaluation  of  winter  migration  patterns  of  staging 
canvasbacks  (Serie  et  al.  1983)  and  waterfowl  harvest  (Wilds  1972).  Additional  work  has 
focused  on  food  habits  (Rogers  and  Korschgen  1966,  Thompson  1973),  as  well  as  flock 
movements  and  general  flock  behavior  during  fall  migration  (Thornburg  1973).  From  his 
study,  Thornburg  concluded  that  flock  distribution  within  Pool  19  was  associated  with 
abundance  of  benthos,  an  important  food  supply. 

Food  habits  of  lesser  scaup  are  variable,  with  some  reports  indicating  plant  material  as  the 
major  food  (Kubichek  1933;  Korschgen  1955),  though  many  studies  have  shown  animal 
material  to  be  the  typical  constituent  (see  Bellrose  1978  for  overview).  Food  habits  of 
lesser  scaup  collected  on  Pool  19  revealed  that  gizzard  contents  were  primarily  animal 
material  consisting  of  gastropods,  sphaerids,  and  mayflies  (Rogers  and  Korschgen  1966, 
Thompson  1973).  Animal  material  accounted  for  over  90%  of  the  total  organic  content  of 
lesser  scaup  gizzards  collected  on  both  the  Illinois  and  Mississippi  Rivers  (Anderson 
1959). 

In  comparison  to  lesser  scaup,  plant  material  has  been  shown  more  likely  to  be  consumed 
by  canvasbacks  (see  Bellrose  1978  for  an  overview).  On  Pool  19,  Thompson  (1973) 
found  a  higher  percentage  of  plant  material  in  gizzards  of  canvasbacks  (46%)  than  in 
lesser  scaup  gizzards  (19%),  but  80%  (47)  of  the  canvasback  gizzards  contained 
gastropods  and  pelecypods  and  more  held  mayflies  compared  to  lesser  scaup.  Canvasback 
gizzards  collected  on  both  the  Illinois  and  Mississippi  rivers,  contained  a  higher 
proportion  of  plant  (65%)  than  animal  (35%)  material  (primarily  dipterans)  compared 
with  lesser  scaup  (10%  plant  material;  90%  animal  material)  (Anderson  1959). 
Canvasbacks  appear  to  rely  extensively  on  vegetation,  yet  animal  material  may  account 
for  a  substantial  proportion  of  the  diet. 

High  densities  of  fingernail  clams  ( Musculium  transversum)y  have  been  found  in  Pool  19, 
primarily  in  nonvegetated  main  channel  border  habitat  (Anderson  and  Day  1986,  Gale 
1973).  In  comparison  to  nonvegetated  habitat,  invertebrate  diversity  increased  in 
vegetated  habitat  and  fingernail  clam  composition  shifted  from  M.  transversum  toward 
Sphaerium  striatinum.  However,  overall  abundance  and  biomass  of  macroinvertebrates 
was  lower  in  vegetated  habitat  compared  to  nonvegetated  channel  border  habitat 
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(Anderson  and  Day  1986).  This  relationship  is  important  because  extensive  sedimentation 
in  the  channel  border  areas  of  the  lower  reach  of  Pool  19  has  been  accompanied  by  rapid 
expansion  of  aquatic  macrophyte  beds  comprised  of  various  pondweeds  including  sago 
pondweed  ( Potamogeton  pectinatus )  and  wild  celery  ( Vallisneria  americana)  (Jahn  and 
Anderson  1986;  Paveglio  and  Steffeck  1978).  If  macrophyte  beds  continue  to  expand,  a 
decline  in  fingernail  clams  would  be  expected  to  occur  in  known  areas  of  high  density. 
Though  canvasbacks  consume  plant  material  (Korschgen  et  al.  1988)  and  may  adapt  to 
this  increase  in  macrophytes,  the  ability  of  lesser  scaups  to  thrive  on  plant  food  is 
uncertain.  Thus,  as  a  result  of  these  ongoing  habitat  changes  in  the  lower  reach  of  Pool 
19,  this  study  was  initiated  to  examine  seasonal  and  habitat  relationships  of  diving  duck 
activities. 


METHODS  AND  MATERIALS 

Activities  of  canvasback  ( Aythya  valisineria)  and  lesser  scaup  (Aythya  affitiis)  were 
observed  on  the  lower  46  km  of  Pool  19  during  the  spring  and  fall  of  1982  and  the  spring 
of  1983  (Figure  1).  Most  shoreline  sightings  were  taken  using  a  20X  Bausch  and  Lomb 
spotting  scope,  from  locations  in  Illinois  between  Hamilton  and  Dallas  City  and  in  Iowa 
from  Keokuk  to  north  of  Ft.  Madison  (Figure  1).  A  discontinuous,  instantaneous  time¬ 
sampling  procedure  (Tyler  1979)  was  used  to  delineate  each  individual  observation 
period.  Instantaneous  time-sampling  has  been  used  in  behavior  studies  for  a  variety  of 
animals  including  the  spotted  sandpiper  (Maxson  and  Oring  1980)  and  gadwalls  (Dwyer 
1975). 

In  this  study,  a  duck  on  the  water  was  randomly  selected  and  observed  for  10  s.  The 
behavior  at  the  end  of  this  period  was  recorded.  An  electronic  metronome,  similar  to  that 
described  by  Wiens  et  al.  (1970),  was  used  to  denote  the  observational  period. 

Behavior  was  recorded  for  five  general  categories.  Resting  consisted  of  swimming  or 
floating  on  the  water  with  the  head  upright  or  in  a  "non-  sleeping"  mode.  A  duck  was 
classified  as  loafing  if  its  bill  was  placed  under  its  wing.  This  behavior  suggested  a 
reduced  state  of  attentiveness  and  has  been  termed  "pseudo-sleep"  (Cornwell  and 
Bartonek  1963).  Diving  was  considered  indicative  of  foraging.  A  duck  was  recorded  as 
diving  if  it  dove  during  any  part  of  the  10-s  observation  period,  due  to  the  difficulty  in 
accurately  and  consistently  identifying  the  same  duck  before  and  after  diving.  Duration  of 
dives  averaged  22  s  for  canvasbacks  and  20  s  for  lesser  scaup  (Day  1984)  which  indicated 
that  once  diving  was  initiated  it  typically  continued  for  at  least  the  standard  10-s 
observation  period.  Preening  consisted  of  maintenance  of  feathers,  scratching  or  related 
activities.  Behavior  which  could  not  be  classified  into  these  categories,  including  flying, 
was  defined  as  "other".  No  distinction  was  made  for  courtship  activity. 

Observations  were  recorded  only  during  daylight  hours  due  to  difficulties  in  consistently 
obtaining  nighttime  observations,  even  with  the  use  of  night-viewing  equipment.  The 
number  and  location  of  sites  observed  in  a  day  varied  and  were  dependent  upon  flock 
size,  flock  location  and  weather  conditions.  Ducks  in  emergent  vegetation  were  excluded 
from  analysis  because  of  the  low  number  of  sightings,  compared  with  nonvegetated  or 
submergent  vegetation.  Nonvegetated  habitat  consisted  of  channel-border  and  main- 
channel  areas. 
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A  heterogeneity  chi-square  (Zar  1984)  was  used  to  determine  if  data  could  be  pooled. 
Subsequently,  we  used  a  contingency  chi-square  table  to  test  differences  in  activities.  For 
each  test  we  used  the  behaviors  of  diving,  loafing,  resting  and  preening.  The  "other" 
category  was  excluded  since  this  activity  was  often  too  low  in  occurrence  for  use  in 
statistical  analyses. 

We  first  tested  the  four  categories  of  males  and  females  of  both  species,  to  determine  if 
observations  could  be  pooled.  We  grouped  these  categories  by  habitat  type  and  used  all 
three  seasons  in  nonvegetated  habitat,  but  only  the  spring  periods  for  submergent 
vegetation  because  of  the  low  number  of  observations  in  this  habitat  during  the  fall.  We 
then  examined  activities  between  males  and  females  of  each  species  within  each  habitat 
type  to  evaluate  if  sexes  could  be  combined  for  each  species  (e.g.  canvasback  males  vs. 
canvasback  females  in  nonvegetated  habitat).  We  used  the  contingency  X2  to  compare 
season  and  habitat  within  each  category  (e.g.  behaviors  of  male  canvasbacks  by  season). 
Next  we  tested  for  differences  in  activity  patterns  between  the  two  spring  periods  in 
nonvegetated  habitat.  For  this  we  again  used  the  four  categories  of  males  and  females  of 
each  species.  We  then  compared  activities  between  habitat  types  for  each  species  (sexes 
combined)  (e.g.  lesser  scaup  in  nonvegetated  habitat  vs.  lesser  scaup  in  submergent 
vegetation).  We  used  observations  only  from  the  two  spring  periods  since  an  insufficient 
number  of  fall  observations  were  obtained  in  submergent  vegetation. 

RESULTS 


General  use  areas 

In  the  downstream  portion  of  the  study  area,  ducks  were  frequently  sighted  at  mid-river 
and  along  the  Illinois  shore  from  Hamilton  to  Nauvoo  (Figure  2).  In  the  middle  section, 
from  Montrose  to  Ft.  Madison,  ducks  were  concentrated  in  mid-river  near  Devil's  Creek, 
and  south  of  Niota  along  the  Illinois  shore.  In  the  upper  part  of  the  study  area  most  ducks 
were  observed  near  Dallas  City. 

Activity  patterns 

Activities  of  2,756  canvasbacks  and  4,875  lesser  scaup  were  observed  during  the  three 
migration  periods  in  submergent  and  nonvegetated  habitats.  For  both  species  across  all 
seasons  and  both  habitat  types,  resting  was  the  dominant  behavior,  accounting  for  47.4% 
of  all  observations  (Table  1).  Of  the  remaining  behaviors,  32.2%  of  the  ducks  were 
diving,  15.0%  loafing,  4.9%  preening  and  0.5%  in  "other"  activities.  By  habitat,  6,708 
(87.9%)  were  recorded  in  nonvegetated  habitat  (includes  main  channel)  and  923  (12.1%) 
in  submergent  vegetation  (Table  2). 

In  nonvegetated  habitat,  little  seasonal  variation  was  observed  in  diving  for  either  male  or 
female  canvasbacks  (27.6%  to  35.8%)  while  for  lesser  scaups  the  proportion  of  time  in 
this  activity  ranged  from  14.9%  to  46.8%  (Table  1).  Loafing  activity  varied  for  both 
species  with  the  lowest  percent  occurrence  in  the  spring  of  1982  and  the  highest  values  in 
the  fall  of  1982  (Table  1). 

The  percent  of  ducks  engaged  in  resting  activity  in  nonvegetated  habitat  declined  steadily 
from  the  spring  of  1982  to  the  spring  of  1983  for  all  groups  except  lesser  scaup  females. 
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Lesser  scaup  females  exhibited  a  slight  rise  in  resting  activity  in  the  fall.  The  most 
disparate  resting  values  were  for  male  lesser  scaups  ranging  from  34.5%  to  56.6%  (Table 
1).  Resting  was  the  principal  activity  for  all  ducks  except  in  spring  1983  when  diving  was 
observed  more  frequently  except  in  canvasback  males.  Both  preening  and  "other"  activity 
were  low  in  occurrence  and  showed  little  overall  seasonal  variation. 

The  number  of  observations  in  submergent  vegetation  was  low  compared  with 
nonvegetated  habitat.  The  largest  number  of  observations  was  for  lesser  scaup  in  spring 
1982  (Table  2).  Canvasbacks  were  most  consistently  observed,  but  typically  in  low 
numbers  (less  than  50  in  any  category)  (Table  2). 

Using  all  three  seasons,  we  found  a  significant  difference  (Heterogeneity  X2  =  132,  18  df; 
P  <  0.001)  among  the  four  groups  (e.g.  male  canvasback,  female  canvasback,  male  lesser 
scaup  and  female  lesser  scaup)  in  nonvegetated  habitat.  Consequently,  we  were  unable  to 
group  all  ducks.  No  significant  difference  (Heterogeneity  X2  =  6.98,  9  df;  P  =  0.639)  was 
detected  among  these  groups  in  submergent  vegetation  in  spring.  Thus,  a  significant 
difference  existed  among  groups  (sexes  of  each  species)  in  nonvegetated  habitat,  but  not 
in  submergent  vegetation. 

After  finding  this  significant  difference  among  the  four  groups  (e.g.  male  canvasback, 
female  canvasback,  male  lesser  scaup  and  female  lesser  scaup)  in  nonvegetated  habitat, 
we  then  tested  to  determine  if  activities  differed  between  sexes  of  each  species  (e.g.  male 
canvasback  and  female  canvasback).  We  observed  no  significant  differences 
(Heterogeneity  X2  =  4.72,  6df;  P  =  0.580)  between  male  and  female  canvasbacks  from  all 
seasons,  in  nonvegetated  habitat.  Significant  differences  (males  X2  =  92.58,  6df;  P  < 
0.001;  females  X2  =  50.84,  6df;  P  <  0.001)  were,  however,  found  when  we  compared 
season  and  behavior  within  each  sex  of  canvasback.  Of  all  behaviors,  diving  appeared 
most  seasonally  consistent  for  both  sexes  (Table  1).  Thus,  as  groups,  male  and  female 
canvasback  activity  patterns  were  not  significantly  different,  but  within  each  sex  the 
behaviors  changed  significantly  between  seasons.  In  contrast  to  canvasbacks,  we 
observed  a  significant  difference  (Heterogeneity  X2  =  33.77,  6df;  P  <  0.001)  in  activities 
between  male  and  female  lesser  scaups,  with  contributions  to  chi-square  for  males  higher 
in  diving,  loafing  and  resting  compared  to  the  same  activities  for  females.  As  seen  for 
canvasbacks,  significant  differences  (males  X2  =  310.54,  6df;  P  <  0.001;  females  X2  = 
56.92,  6df;  P  <  0.001)  were  evident  by  sex  for  lesser  scaup,  in  the  relationships  of  season 
and  behavior.  Preening  for  both  sexes  and  loafing  for  females  were  most  consistent  across 
seasons  (Table  1).  The  lack  of  significant  differences  among  all  groups  in  submergent 
vegetation  precluded  assessment  by  species. 

We  likewise  observed  a  significant  difference  (Heterogeneity  X2  =  32.03,  9df;  P  <  0.001) 
among  groups  (e.g.  male  canvasback,  female  canvasback,  male  lesser  scaup  and  female 
lesser  scaup)  in  nonvegetated  habitat  during  the  two  spring  periods.  A  significant 
difference  (Heterogeneity  X2  =30.68,  3df;  P  <  0.001)  was  observed  between  species.  A 
comparison  of  the  spring  periods  revealed  no  significant  difference  (canvasback 
Heterogeneity  X2  =  1.09,  3df;  P  =  0.779  )(lesser  scaup  Heterogeneity  X2  =  0.17,  3df;  P  = 
0.982)  between  sexes  (e.g.  male  canvasback  vs.  female  canvasback).  Thus,  in  spring, 
differences  in  activities  were  between  species,  but  not  between  sexes  within  each  species. 
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For  each  species,  we  compared  behavior  during  spring,  in  nonvegetated  habitat  to 
behavior  in  submergent  vegetation.  Significant  differences  (canvasback  Heterogeneity  X2 
=  25.39,  3df;  P  <  0.001)  (lesser  scaup  Heterogeneity  X2  =  8.94,  3df;  P  =  0.030)  in 
activities  were  found  between  habitats  for  both  species.  The  greatest  differences  were 
observed  in  loafing  and  resting  for  canvasback  and  in  diving  and  resting  for  lesser  scaup. 

DISCUSSION 

Resting  and  loafing  were  cumulatively  the  most  frequently  observed  behaviors  for  both 
species.  Our  results  were  similar  to  those  of  Thornburg  (1973)  except  we  observed  more 
feeding  and  less  loafing  behavior.  Also  using  daytime  observations,  Thornburg  noted 
only  three  periods  of  moderate  feeding  activity  (30-80%  of  a  flock  diving).  Instantaneous 
scan  sampling  used  by  Thornburg,  as  noted  by  Takekawa  (1987)  underestimates  active 
behaviors  such  as  diving  and  flying.  This  shortcoming  may  account  for  the  discrepancy  in 
proportion  of  these  activities  between  Thornburg  (1973)  and  our  study. 

Ducks  were  most  frequently  seen  in  nonvegetated  channel-border  habitat  in  locations 
closely  corresponding  to  those  observed  by  Thornburg  (1973).  Thus,  our  results  indicate 
consistency  in  certain  long-term  physical  or  biological  features  which  appear  to  be 
influencing  behavior.  Though  resting  (47.4%)  was  the  dominant  behavior,  diving 
(feeding)  accounted  for  32.8%  of  all  activities.  It  is  likely  that  the  abundance  of  fingernail 
clams  ( Musculium  spp.)(5000/m2)  and  burrowing  mayflies  ( Hexagenia  limbata ) 
(4000/m2)  in  nonvegetated  channel-border  habitat  of  lower  Pool  19  (Anderson  and  Day 
1986)  may  be  responsible  for  this  feeding  activity.  As  mentioned  earlier,  one  or  both  of 
these  prey  items  partially  comprise  the  diet  of  canvasbacks  (Thompson  1973)  and  lesser 
scaup  (Rogers  and  Korschgen  1966;  Thompson  1973).  Thus,  as  noted  by  Thornburg, 
concentration  of  ducks  in  these  areas  may  reflect  food  availability  or  reduced  human 
disturbance.  The  distribution  of  observations  (87.9%  nonvegetated;  12.1%  submergent) 
was  similar  to  the  proportion  of  each  habitat  (nonvegetated  87.0%)  (submergent 
vegetation  9.5%)  (Day  1984)  indicating  no  preference  for  either  habitat.  Emergent 
vegetation,  primarily  American  lotus  ( Nelumbo  luted),  occurred  in  3.5%  of  the  study  area. 
The  low  percent  occurrence  of  this  habitat  type  coupled  with  the  apparent  lack  of  habitat 
preference  may  partly  account  for  the  small  number  of  observations  (21)  in  this  habitat. 
Compared  to  nonvegetated  channel-border  habitat,  macroinvertebrate  biomass  has  been 
found  to  be  low  in  both  submergent  and  emergent  vegetation  (Anderson  and  Day  1986). 
Thus,  these  vegetated  habitats  do  not  appear  to  be  most  favorable  sites  for  consumption 
of  animal  matter. 

In  fall,  the  combined  total  proportion  of  resting  and  loafing  for  both  species 
(nonvegetated  habitat)  (61.8%)  was  slightly  higher  than  the  proportion  of  time  (50%)  in 
corresponding  behaviors  observed  on  Pools  7  and  8  in  Wisconsin  (Takekawa  1987).  The 
proportion  of  these  activities  on  Pool  19  declined  in  spring  to  59.0%.  For  all  seasons, 
diving  was  observed  in  30.0%  of  the  males  and  31.0%  of  the  female  canvasbacks.  These 
were  higher  than  reported  by  Takekawa  (1987)  (males  20.8%;  females  17.9%)  who 
surmised  that  greater  feeding  activity  on  Pool  19  compared  to  Pools  7  and  8  may  be 
related  to  the  lower  metabolizable  energy  of  fingernail  clams  consumed  by  ducks  on  Pool 
19,  compared  with  wild  celery  winter  buds  consumed  on  Pools  7  and  8.  Thus,  higher 
levels  of  feeding  activity  would  be  needed  to  maintain  or  enhance  energy  levels.  It  is 
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unknown  if  a  minimum  frequency  is  required  to  replenish  or  accumulate  fat  reserves  for 
ducks  staging  on  Pool  19,  but  Takekawa  (1987)  noted  the  importance  of  feeding  on 
staging  areas  to  winter  survival  of  canvasbacks  using  Lake  Onalaska.  Similarly,  a 
reduction  in  food  resources  on  Pool  19  could  hinder  winter  survival  or  reproductive 
success. 

Activities  of  canvasbacks  and  lesser  scaup  were  significantly  different  in  nonvegetated 
habitat.  Takekawa  (1987)  also  noted  significant  differences  in  the  activity  of  these  species 
on  Pools  7  and  8.  We  suggest  these  differences  are  likely  attributable  to  availability  of 
food  items  and  body  size.  Lesser  scaups  on  Pool  19  typically  consume  more  animal 
material  than  canvasbacks  (Thompson  1973).  The  abundance  of  "preferred"  food  items 
may  enhance  feeding  by  lesser  scaup  in  nonvegetated  habitat. 

Lesser  scaup  are  smaller  than  canvasback  (see  Bellrose  1978).  The  relationship  between 
body  size  and  energy  requirements  was  noted  by  King  (1974)  with  smaller  birds  more 
closely  associated  with  the  environment.  Though  waterfowl  were  not  the  target  species, 
Gibb  (1954)  reported  an  inverse  relationship  between  feeding  activity  and  size  of  bird.  If 
this  relationship  persists  for  non-passerine  birds  such  as  diving  ducks,  it  may  partly 
explain  the  differences  in  activities  between  lesser  scaups  and  canvasbacks. 

Seasonal  differences  in  activities  were  most  evident  for  lesser  scaup.  In  spring,  a  greater 
proportion  of  lesser  scaups  were  diving  and  a  lower  proportion  were  loafing  compared  to 
fall.  Using  all  three  seasons,  significant  differences  (Heterogeneity  X2  =  33.77,  6df;  P  < 
0.001)  were  found  between  male  and  female  lesser  scaup.  No  significant  difference  was 
found  between  sexes  upon  removal  of  the  fall  observations  (Heterogeneity  X2  =  0.17, 
3df;  P  =  0.982).  These  results  may  indicate  an  adjustment  in  feeding  activities  prior  to 
nesting.  Nutrient  reserves  may  be  essential  for  reproductive  success,  as  found  for  female 
canvasbacks  (Barzen  and  Serie  1990).  With  growth  in  reproductive  status,  there  is  also 
evidence  of  a  trend  towards  increased  consumption  of  animal  material  for  canvasbacks 
and  scaup  in  Manitoba  (Bartonek  and  Hickey  1969),  wood  ducks  (Aix  sponsa ),  (Drobney 
and  Fredrickson  1979)  and  pintails  (Anas  strepera )  (Krapu  1974). 

In  comparison  to  daytime  sightings,  Takekawa  (1987)  observed  more  feeding  activity  at 
night  for  both  canvasback  and  lesser  scaup.  If  a  similar  increase  in  nighttime  feeding 
behavior  occurs  on  Pool  19,  then  our  values  likely  underestimate  the  actual  amount  of 
feeding  activity. 

A  comparison  of  behaviors  based  upon  habitat  types  indicated  feeding  activity  was  lower 
in  submergent  vegetation,  areas  typically  with  lower  fingernail  clam  densities  (Anderson 
and  Day  1986),  than  in  nonvegetated  habitat.  Differences  in  depth  of  water  in  the  two 
habitats  may  also  play  a  role  in  diving  frequency.  More  time  may  be  required  for  feeding 
in  the  typically  deeper  nonvegetated  habitat. 
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CONCLUSIONS 

The  major  activities  of  canvasbacks  and  lesser  scaups  on  Pool  19  were  resting,  loafing 
and  diving.  Resting  was  prevalent  (47.4%),  but  diving  (feeding)  occurred  in  32.8%  of  the 
observations,  indicating  a  multi-  purpose  function  of  this  area. 

Sedimentation  in  the  lower  reach  of  Pool  19  has  contributed  to  the  development  of 
extensive  macrophyte  beds.  Vegetation  may  provide  an  additional  food  source  for 
waterfowl,  as  well  as  a  substrate  for  invertebrates  (Krull  1970),  however  in  Pool  19  these 
plant  beds  lead  to  a  shift  in  benthic  macroinvertebrates  from  low  diversity-high  density  to 
high  diversity-low  density  communities  (Anderson  and  Day  1986).  On  Lake  Onalaska 
tubers  of  wild  celery  are  the  primary  foods  of  canvasbacks  (Korschgen  et  al.  1988), 
whereas  on  Pool  19,  foods  of  canvasbacks  and  especially  lesser  scaup  are  comprised 
extensively  of  animal  matter  (Thompson  1973;  Rogers  and  Korschgen  1966).  We  are 
uncertain  how  changing  habitats  will  influence  diving  duck  use  of  Pool  19.  If  foods 
obtained  from  Pool  19  are  critical  for  diving  ducks  and  feeding  habits  do  not  shift  with 
food  availability,  use  of  the  pool  by  diving  ducks  will  likely  decline.  Consequently,  there 
is  a  strong  need  for  continued  monitoring  of  diving  duck  use  and  habitat  changes  in  Pool 
19,  to  provide  current  information  for  management  of  this  critical  area. 
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Table  1.  Number  and  percent  composition  ( )  of  canvasback  and  lesser  scaup  activities 
on  Pool  19  in  nonvegetated  habitat. 


Species 

Behavior 

Canvasback 

Males 

Diving 

Loafing 

Resting 

Preening 

Other 

Total 

Spring,  1982 

165 

(30.6) 

31  (5.8) 

319  (59.2) 

21  (3.9) 

3  (0.6) 

539 

Fall,  1982 

221 

(29.2) 

177  (23.4) 

326  (43.1) 

31  (4.1) 

2  (0.3) 

757 

Spring,  1983 

70 

(31.5) 

48  (21.6) 

85  (38.3) 

19  (8.6) 

0  (0.0) 

222 

Total 

456 

(30.0) 

256  (16.9) 

730  (48.1) 

71  (4.7) 

5  (0.3) 

1518 

Females 

Spring,  1982 

102 

(34.2) 

20  (6.7) 

153  (51.3) 

20  (6.7) 

3  (1.0) 

298 

Fall,  1982 

141 

(27.6) 

128  (25.1) 

221  (43.3) 

19  (3.7) 

1  (0.2) 

510 

Spring,  1983 

53 

(35.8) 

34  (23.0) 

50  (33.8) 

11  (7.4) 

0  (0.0) 

148 

Total 

296 

(31.0) 

182  (19.0) 

424  (44.4) 

50  (5.2) 

4  (0.4) 

956 

Lesser  Scaup 

Males 

Spring,  1982 

498 

(29.7) 

134  (8.0) 

950  (56.6) 

86  (5.1) 

9  (0.5) 

1677 

Fall,  1982 

50 

(14.9) 

121  (36.0) 

143  (42.6) 

20  (6.0) 

2  (0.6) 

336 

Spring,  1983 

379 

(46.0) 

116  (14.1) 

284  (34.5) 

38  (4.6) 

6  (0.7) 

823 

Total 

927 

(32.7) 

371  (13.1) 

1377  (48.6) 

144  (5.1) 

17  (0.6) 

2836 

Females 

Spring,  1982 

245 

(34.0) 

67  (9.3) 

378  (52.4) 

25  (3.5) 

6  (0.8) 

721 

Fall,  1982 

34 

(21.2) 

25  (15.6) 

89  (55.6) 

10  (6.2) 

2  (1.2) 

160 

Spring,  1983 

242 

(46.8) 

67  (13.0) 

183  (35.4) 

24  (4.6) 

1  (0.2) 

517 

Total 

521 

(37.3) 

159  (11.4) 

650  (46.5) 

59  (4.2) 

9  (0.6) 

1398 

Grand  Total 

2200 

(32.8) 

968  (14.4) 

3181  (47.4) 

324  (4.8) 

35  (0.5) 

6708 
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Table  2.  Number  and  percent  composition  ( )  of  canvasback  and  lesser  scaup  activities 
on  Pool  19  in  submergent  vegetation. 


Species 

Behavior 

Canvasback 

Males 

Diving 

Loafing 

Resting 

Preening 

Other 

Total 

Spring,  1982 

6  (15.4) 

6  (15.4) 

24  (61.5) 

3  (7.7) 

0  (0.0) 

39 

Fall,  1982 

17  (30.4) 

7  (12.5) 

30  (53.6) 

2  (3.6) 

0  (0.0) 

56 

Spring,  1983 

18  (19.8) 

32  (35.2) 

36  (39.6) 

5  (5.5) 

0  (0.0) 

91 

Total 

41  (22.0) 

45  (24.2) 

90  (48.4) 

10  (5.4) 

0  (0.0) 

186 

Females 

Spring,  1982 

6  (30.0) 

3  (15.0) 

10  (50.0) 

1  (5.0) 

0  (0.0) 

20 

Fall,  1982 

6  (25.0) 

2  (8.3) 

13  (54.2) 

3(12.5) 

0  (0.0) 

24 

Spring,  1983 

18  (34.6) 

20  (38.5) 

9  (17.3) 

5  (9.6) 

0  (0.0) 

52 

Total 

30  (31.2) 

25  (26.0) 

32  (33.3) 

9  (9.4) 

0  (0.0) 

96 

Lesser  Scaup 

Males 

Spring,  1982 

86  (23.5) 

66  (18.0) 

195  (53.3) 

19  (5.2) 

0  (0.0) 

366 

Fall,  1982 

0  (0.0) 

0  (0.0) 

3(100.0) 

0  (0.0) 

0  (0.0) 

3 

Spring,  1983 

36  (44.4) 

12  (14.8) 

28  (34.6) 

5  (6.2) 

0  (0.0) 

81 

Total 

122  (27.1) 

78  (17.3) 

226  (50.2) 

24  (5.3) 

0  (0.0) 

450 

Females 

Spring,  1982 

45  (30.4) 

24  (16.2) 

74  (50.0) 

5  (3.4) 

0  (0.0) 

148 

Fall,  1982 

1  (100.0) 

0  (0.0) 

0  (0.0) 

0  (0.0) 

0  (0.0) 

1 

Spring,  1983 

20  (47.6) 

6  (14.3) 

15  (35.7) 

1  (2.4) 

0  (0.0) 

42 

Total 

66  (34.6) 

30  (15.7) 

89  (46.6) 

6  (3.1) 

0  (0.0) 

191 

Grand  Total 

259  (28.1) 

178  (19.3) 

437  (47.35) 

49  (5.31) 

0  (0.00)  9 

23 
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Figure  2.  Polygons  denote  general  flock  locations  of  diving  ducks  on  lower  Pool  19.  Rocks  may  have  included  several  duck  species,  but  were 
dominated  by  canvasback  and  lesser  scaup.  For  each  season,  number  of  days  with  observations  of  individual  ducks  are  indicated  in 
each  box.  See  Figure  1  for  landmarks  and  other  geographic  information. 
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ABSTRACT 

Dasymetratid  digeneans  removed  from  the  oral  cavity  of  a  single  copperbelly  water  snake, 
Nerodia  erythrogaster  neglecta ,  captured  in  Pope  County,  Illinois,  were  identified  as 
Dasymetra  natricis.  A  new  host  record  is  documented  for  D.  natricis  and  it  is  the  first 
time  the  parasite  has  been  reported  from  Illinois. 

INTRODUCTION 

Two  subspecies  of  the  plainbelly  water  snake,  Nerodia  erythrogaster  (Forester),  occur  in 
Illinois  (Smith,  1961),  namely,  the  yellowbelly  water  snake,  Nerodia  erythrogaster 
flavigaster  (Conant,  1949),  and  the  copperbelly  water  snake,  Nerodia  erythrogaster 
neglecta  (Conant,  1949).  The  range  of  Nerodia  erythrogaster  extends  from  northeastern 
Mexico  eastward  through  southern  United  States  to  the  Atlantic  Coastal  Plain  and 
northward  along  the  Mississippi  and  Wabash  Rivers  as  far  as  Rock  Island,  Illinois,  and 
southern  Michigan  (Ernst  and  Barbour,  1989;  Conant  and  Collins,  1991).  Nerodia 
erythrogaster  neglecta  has  a  discontinuous  range  in  the  central  Midwest  and  integrates 
with  Nerodia  erythrogaster  flavigaster  over  a  relatively  broad  portion  of  southern  Illinois. 

Reports  on  digenetic  trematodes  in  the  oral  cavity  of  species  of  Nerodia  in  Illinois  have 
been  restricted  to  the  detection  of  ochetosomatid  digeneans.  Dyer  and  Ballard  (1989)  found 
Ochetosoma  ellipticum  (Pratt,  1990)  in  the  oral  cavity  of  Nerodia  rhombifera  (Hallowed, 
1852)  and  Nerodia  erythrogaster  (Forester)  from  Johnson  and  Jackson  counties.  More 
recently,  Dyer  and  Ballard  (1991)  reported  Ochetosoma  aniarum  (Leidy,  1891)  Skrjabin 
and  Antipin,  1957  in  the  oral  cavity  of  Nerodia  cyclopion  (Dumeril,  Bibron  and  Dumeril, 
1854)  from  Union  County. 

In  conjunction  with  an  ecological  study  on  the  status,  distribution,  and  habitat  of  Nerodia 
erythrogaster  neglecta  in  Illinois  (Brandon  and  Ballard,  1991)  an  opportunity  became 
available  to  examine  a  specimen  for  the  presence  of  digeneans  in  the  oral  cavity.  The 
present  report  is  concerned  with  the  detection  of  dasymetratid  digeneans  (Trematoda: 
Plagiorchiidae)  in  the  mouth  of  Nerodia  erythrogaster  neglecta  (Conant,  1949). 
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MATERIALS  AND  METHODS 

The  oral  cavity  of  an  adult  gravid  female  Nerodia  erythrogaster  neglecta  collected  22  June, 
1991,  in  Pope  County,  southern  Illinois  was  examined  within  a  few  hours  of  capture  for 
the  presence  of  helminths.  Several  digeneans  were  removed  with  a  cotton  swab  saturated 
with  tap  water,  and  then  transferred  to  a  container  of  tap  water  where  egg  release  was 
observed.  After  all  or  most  of  the  eggs  were  released  from  the  uterus,  each  digenean  was 
transferred  to  a  slide,  and  a  crystal  or  urethane  added  to  the  water  to  induce  relaxation.  A 
coverslip  was  then  added  and  the  specimen  studied  alive.  Later,  the  specimen  was  fixed  in 
AFA  (alcohol-formalin-acetic  acid),  stained  with  Harris'  hematoxylin,  dehydrated,  cleared 
in  beechwood  creosote,  and  mounted  in  Canada  balsam.  Voucher  specimens  have  been 
deposited  in  the  United  States  National  Museum  (USNM)  Helminthological  Collection 
No.  82251.  The  host,  Nerodia  erythrogaster  neglecta ,  collected  by  Steve  Karsen,  was 
deposited  in  the  SIUC  Department  of  Zoology  reptile  collection,  catalogued  as  R-2312. 

RESULTS  AND  DISCUSSION 

Our  specimens  agree  with  the  description  of  Dasymetra  nicolli  as  given  by  Holl  and 
Allison  (1935b).  Holl  and  Allison  (1935a)  described  Zeugorchis  natricis  from  the  uteri  of 
the  common  watersnake,  Natrix  sipedon  Linnaeus,  from  near  Grove  City,  Pennsylvania. 
Later  the  same  year,  Holl  and  Allison  (1935b)  described  Dasymetra  nicolli  on  the  basis  of 
six  specimens  from  the  stomach  of  Natrix  sipedon  also  taken  near  Grove  City, 
Pennsylvania.  Since  both  Zeugorchis  natricis  and  Dasymetra  nicolli  were  found  in  the 
same  species  of  snake  and  from  the  same  locality,  Goodman  (1951)  considered  them 
synonymous.  Since  the  published  description  of  Z.  natricis  is  June,  1935,  and  that  of  D. 
nicolli  is  July  1935,  Goodman  (1951)  proposed  that  the  earlier  published  name  be  retained 
so  that  the  new  combination  becomes  Dasymetra  natricis  (Holl  and  Allison,  1935a)  with 
D.  nicolli  Holl  and  Allison,  1935b  as  a  synonym. 

We  have  examined  the  type  specimens  of  Zeugorchis  natricis  USNM  Helm.  Coll.  No. 
39503  and  Dasymetra  nicolli  USNM  Helm.  Coll.  No.  8917,  and  have  concluded  that 
these  taxa  are  not  conspecific.  Although  Z.  natricis  and  D.  nicolli  were  found  in  the  same 
species  of  snake  and  from  the  same  locality,  the  former  is  a  parasite  of  the  reproductive 
system  while  the  later  is  a  parasite  of  the  digestive  system. 

Cable  and  Sanborn  (1970)  redescribed  Z.  natricis  on  the  basis  of  15  specimens  from  the 
oviduct  of  a  single  Natrix  sipedon  taken  in  Wabash  County,  north  central  Indiana.  Their 
description  differs  from  the  original  account  in  features  which  seem  likely  to  vary  with 
the  age  of  the  parasite.  Yamaguti  (1971)  transferred  Zeugorchis  natricis  to  the  genus 
Manodistomum  Stafford,  1905,  on  the  basis  that  Manodistomum  is  the  larva  or  juvenile 
form  of  Zeugorchis  Stafford,  1905,  so  that  the  new  combination  becomes  Manodistomum 
natricis  (Holl  and  Allison,  1935a)  Yamaguti,  1971. 

The  finding  of  Dasymetra  nicolli  in  the  oral  cavity  of  Nerodia  erythrogaster  neglecta  from 
southern  Illinois  constitutes  a  new  host  and  new  locality  record  for  this  digenean. 
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ABSTRACT 

Sixteen  Cooper's  Hawk  (Accipiter  cooperii )  nests  were  located  in  the  Shawnee  National 
Forest  and  surrounding  areas  of  southern  Illinois  during  breeding  seasons  in  1989  and 
1990.  Hawks  were  located  by  broadcasting  recorded  Cooper's  Hawk  alarm  calls  along 
selected  transects  in  the  National  Forest  and  by  reports  from  local  falconers  and 
ornithologists.  Fourteen  of  the  16  nests  (87.5%)  were  in  pine  stands.  The  preference  for 
pine  was  significant:  transect-found  nests  (Fisher's  Exact  Test,  n  =  8,  P  =  0.007);  nests 
found  off  transects  (Fisher's  Exact  Test,  n  =  8,  P  =  0.041);  and  overall  (Fisher's  Exact 
Test,  n  =  16,  P  <  0.001).  Four  factors  apparently  affected  use  of  a  stand  by  nesting 
Cooper's  Hawks:  stand  type,  stand  density,  stand  age  (as  it  affects  density),  and  degree  of 
fragmentation.  Much  of  the  Shawnee  National  Forest  is  deciduous  (primarily  oak- 
hickory),  and  pine  stands  tend  to  be  of  low  tree  density.  Population  estimates  range  from 
100  to  over  2500  nesting  pairs  of  Cooper's  Hawks,  depending  upon  assumptions 
concerning  habitat  suitability. 


INTRODUCTION 

Cooper's  Hawk  (Accipiter  cooperii)  population  numbers  have  declined  recently  from  a 
variety  of  causes,  including  direct  persecution  by  humans,  loss  of  nesting  habitat  from 
deforestation,  and  detrimental  effects  of  environmental  contaminants  such  as  PCBs, 
mercury,  DDT,  and  DDE  (Pattee  et  al.  1985;  Prouty  et  al.  1982;  Rosenfield  and  Anderson 
1983;  Snyder  et  al.  1973).  Accurate  population  estimates  of  Cooper's  Hawks  are 
hampered  by  the  secretive  nature  of  the  species  (Johnson  1981;  Kritz  1989). 

Cooper's  Hawks  nest  in  southern  Illinois;  the  only  other  accipiter  nesting  in  the  area  is 
the  rare  Sharp-shinned  Hawk  (Accipiter  striatus ;  (Bohlen  1978).  Cooper's  Hawks  are 
intolerant  of  two  other  raptors,  Great  Homed  Owls  (Bubo  virginianus ;  Wiley  1975)  and 
Sharp-  shinned  Hawks  (Bent  1937;  Meng  1951). 
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Nesting  habits  of  Cooper's  Hawks  are  varied,  and  there  is  currently  little  agreement  as  to 
whether  nest  site  preferences  are  for  predominantly  deciduous  (Meng  1951;  Titus  and 
Mosher  1981;  Apfelbaum  and  Seelbachl983;  Rosenfield  and  Anderson  1983;  Asay  1987) 
or  evergreen  trees  (Bent  1937;  Englert  1985;  Kritz  1989).  Despite  being  considered  a 
forest  interior  species,  Cooper's  Hawks  may  nest  as  close  as  6  m  from  forest  edge 
(Englert  1985)  and  do  not  appear  to  be  disturbed  by  limited  human  activity  (Clark  1977). 
Cooper's  Hawks  prey  predominantly  on  birds,  although  small  mammals  as  large  as  young 
rabbits  may  be  taken  (Hamerstrom  and  Hamerstrom  1951;  Meng  1951;  Duncan  1966; 
Toland  1985). 

Nest  site  preferences  apparently  differ  among  to  geographic  locations  (Meng  1951).  In 
Indiana,  Cooper's  Hawks  nest  in  approximately  equal  numbers  in  pine  and  deciduous  trees 
(Vogl  1988).  In  coniferous  forests  in  northeastern  Oregon  they  do  not  select  the  species 
of  nest  trees  in  proportion  to  their  availability  (Moore  and  Henny  1983),  but  they 
selectively  nest  in  conifers.  Nesting  density  is  a  factor  in  site  selection;  occupied 
Cooper's  Hawk  nests  rarely  occur  closer  than  1.6  km  apart  during  the  same  breeding 
period  (Meng  1951). 

Cooper's  Hawk  nesting  periods  vary  somewhat  between  geographic  areas,  but  generally 
the  nesting  season  (nest  building  -  fledging)  begins  in  April  and  ends  in  July  (Bent  1937; 
Meng  1951;  Kritz  1989).  Nests  are  built  at  a  heights  of  5  to  18  m  (Meng  1951)  and  are 
usually  positioned  in  the  upper  third  of  a  tree.  In  deciduous  trees,  nests  are  located  in  a 
crotch  formed  by  three  or  more  main  branches,  close  to  the  central  axis  of  the  tree.  In 
conifers,  nests  are  built  close  to  the  trunk,  with  at  least  two  branches  serving  as 
horizontal  supports  underneath  the  nest  (Meng  1951).  The  need  for  at  least  two 
horizontal  branches  to  support  the  nest,  may  account  for  the  Cooper's  Hawk's  apparent 
preference  for  white  pine  ( Pinus  strobus ;  Apfelbaum  and  Seelbach  1983). 

Cooper's  Hawks  rarely  reuse  the  same  nest  (Meng  1951),  but  frequently  reoccupy  the 
same  tree  stand  over  several  years.  Reoccupancy  rates  of  nest  areas  ranges  from  a  high  of 
80%  in  California  (Asay  1987)  to  a  low  of  21%  in  Oregon  (Reynolds  and  Wight  1978). 
Kritz  (1989)  found  a  reoccupancy  rate  of  59%  in  Missouri,  while  Rosenfield  and  Anderson 
(1983)  recorded  a  rate  of  46%  in  Wisconsin. 

The  purposes  of  our  study  were:  (1)  to  locate  nests  of  Cooper's  Hawks  in  the  Shawnee 
National  Forest  and  surrounding  areas  of  southern  Illinois;  (2)  to  determine  the  general 
habitat  characteristics  of  Cooper's  Hawk  nest  sites  in  this  region;  (3)  to  estimate  nesting 
densities  of  Cooper's  Hawks  for  the  various  habitat  types  in  the  region;  and  (4)  to 
provide  an  overall  estimate  of  the  number  of  pairs  nesting  in  southern  Illinois.  These 
data  are  important  because  of  the  threatened  status  of  the  Cooper's  Hawk  in  Illinois  and 
the  need  to  know  if  sufficient  acceptable  nesting  habitat  is  available. 
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METHODS 


Study  Area 

The  study  area  encompassed  all  of  southern  Illinois  (Figure  1),  although  transects  were 
surveyed  only  in  the  Shawnee  National  Forest  (Figure  2).  Occupied  nests  elsewhere  in 
southern  Illinois,  included  in  final  nest  counts,  were  located  by  falconers  or 
ornithologists;  we  verified  these  sites  by  visiting  the  nests.  The  Shawnee  National 
Forest  encompasses  105,513  ha;  most  is  woodland.  The  Forest  is  comprised  primarily 
of  oak-hickory  ( Quercus  and  Carya  spp.)  associations,  but  non-native  southern  pines 
( Pinus  spp.)  have  been  planted  extensively.  Planting  of  pine  stands  began  in  the  1930's 
as  the  land  was  acquired  by  the  Forest  Service,  peaked  by  the  late  1940's  and  early  1950's, 
and  ceased  in  the  late  1970's.  The  Shawnee  National  Forest  is  highly  fragmented,  with 
contiguous  forested  plots  ranging  in  size  from  0.8  km2  to  25  km2. 

Field  Methods  and  Analyses 

For  management  purposes,  the  Shawnee  National  Forest  is  divided  into  366 
compartments  by  the  U.  S.  Forest  Service,  based  on  boundaries  such  as  roads,  rivers, 
ranger  district  boundaries,  and  natural  geological  formations.  Size  and  shape  of  the 
compartments  are  not  uniform;  average  compartment  size  is  about  290  ha.  Of  the  total, 
120  compartments  were  chosen  for  study;  60  compartments  were  surveyed  each  breeding 
season  for  two  consecutive  years  (1989  and  1990),  and  no  compartment  was  surveyed 
twice.  Survey  compartments  were  selected  on  the  following  bases:  (1)  An  equal  number 
of  compartments  were  studied  in  the  western  half  of  Shawnee  National  Forest  (Vienna  and 
Elizabethtown  Ranger  Districts)  and  in  the  eastern  half,  (Murphysboro  and  Jonesboro 
Ranger  Districts)  (Figure  2).  (2)  The  total  number  of  transects  walked  per  Ranger  District 
was  roughly  proportional  to  the  total  number  of  compartments  contained  in  the  District. 
(3)  A  compartment  had  to  be  large  enough  to  contain  the  entire  transect.  (4)  A 
compartment  had  to  consisted  of  enough  continuously  wooded  habitat  to  contain  the 
entire  transect.  (5)  The  transect  plotted  in  a  compartment  had  to  be  within  1  km  of  a 
vehicular  access  point.  None  of  these  criteria  were  mutually  exclusive,  so  that  several 
criteria  may  have  applied  to  a  given  compartment  to  eliminate  it  from  consideration. 
Together,  the  five  criteria  eliminated  nearly  225  compartments  from  consideration.  We 
should  note,  however,  that  only  11  compartments  lacked  sufficient  wooded  habitat, 
effectively  eliminating  the  need  to  make  any  correction  for  this  criterion  when  computing 
population  estimates.  Of  the  remaining  141  compartments,  those  selected  for  the  survey 
were  chosen  at  random.  Twenty-six  transects  were  surveyed  in  each  of  the  smaller  Ranger 
Districts,  Murphysboro  and  Elizabethtown  and  34  transects  were  surveyed  in  each  of  the 
larger  Ranger  Districts,  Jonesboro  and  Vienna. 

No  assumptions  were  made  about  preferred  habitats  of  nesting  Cooper's  Hawks  to  avoid 
biasing  the  results.  The  requirement  that  a  transect  be  located  within  1  km  of  an  on-road 
vehicular  access  point  may  have  introduced  a  bias  in  that  the  more  remote  areas  of  the 
Shawnee  National  Forest  were  not  sampled,  but  since  Cooper's  Hawks  are  apparently 
quite  capable  of  hunting  (Clark  1977;  Englert  1985)  and  nesting  (Murphy  et  al.  1988)  in 
and  around  areas  of  human  habitation,  we  believe  that  any  bias  resulting  from  this 
requirement  is  small. 
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Cooper's  Hawk  nests  were  located  along  predetermined  transects  through  the  use  of 
broadcast  Cooper's  Hawk  calls  and  by  following  the  responding  adult  back  to  the  nest  site 
(Rosenfield  and  Anderson  1983;  Rosenfield  et  al.  1985,  1988).  In  a  1980  Maryland 
study,  the  number  of  Cooper's  Hawk  sightings  during  and  after  the  broadcast  of  recorded 
calls  (n  =  10  Hawks  sighted)  was  400%  greater  than  the  number  of  sightings  recorded 
when  researchers  simply  stopped  and  made  an  audiovisual  search  (Fuller  and  Mosher 
1981).  Because  only  occupied  nests  were  being  counted,  data  collection  was  limited  to 
the  breeding  season,  mid- April  through  mid-July.  The  incubation  period  for  Cooper’s 
Hawks  in  southern  Illinois  occurs  from  mid-to-late  May;  during  this  time  no  transects 
were  walked,  as  response  to  taped  calls  is  very  slight  during  incubation  (Fuller  and 
Mosher  1981;  Rosenfield  et  al.  1988).  A  1  km  linear  transect  was  walked  once  in  each 
of  the  chosen  compartments  by  a  pair  of  researchers.  At  ten  100-meter  intervals  along 
each  transect  a  tape  of  Cooper's  Hawk  calls  was  broadcast  for  three  minutes  using  a 
cassette  tape  recorder  at  its  highest  volume;  distortion  of  the  call  was  minimal  even  at 
this  setting.  During  the  broadcast  of  calls,  researchers  remained  stationary  and  conducted 
an  audiovisual  search  for  responding  Hawks.  When  a  Cooper's  Hawk  responded,  an  effort 
was  made  to  visually  locate  its  nest  in  the  nearby  vicinity  by  walking  through  the  woods 
in  the  general  direction  from  which  the  Hawk  approached  and  left. 

Transects  were  classified  as  having  been  walked  through  either  pine  or  deciduous  stands  by 
determining  what  the  most  frequent  tree  species  was  at  each  of  the  10  stations  along  the 
transect  and  summing  the  number  of  deciduous-type  intervals  relative  to  the  number  of 
pine-type  intervals.  By  chance,  no  transect  was  walked  in  such  a  fashion  as  to  produce  an 
equal  number  of  pine  and  deciduous  intervals. 

Once  a  nest  was  located,  the  following  information  was  recorded:  (1)  composition  of  the 
stand  in  which  the  nest  was  located,  (2)  species  of  tree  in  which  the  nest  was  located,  (3) 
diameter  at  breast  height  (DBH)  of  the  nest  tree,  (4)  approximate  height  of  the  nest  tree, 
(5)  approximate  height  of  the  nest,  and  (6)  location  of  nest  tree  in  relation  to  the  rest  of 
the  stand. 

A  Fisher's  Exact  Test  with  an  alpha  level  of  0.05  was  used  on  nest  location  frequency 
data.  No  other  statistical  analyses  were  performed  due  to  the  small  sample  size  of  nests. 

RESULTS 

During  the  two  field  seasons,  16  occupied  Cooper's  Hawk  nests  were  located;  7  in  1989 
and  9  in  1990.  Of  these,  10  nests  were  located  on  Shawnee  National  Forest  land,  2  on 
federally-owned  land  other  than  in  the  Shawnee  National  Forest,  and  4  on  state-owned 
land.  No  nests  were  found  on  private  property,  though  the  difficulty  in  obtaining 
permission  to  search  private  lands  made  such  searches  unfeasible.  Eight  of  the  16  nests 
were  located  on  transects;  the  others  were  found  by  falconers  and  ornithologists.  In  all 
instances  where  a  Hawk  responded  to  the  call,  a  nest  was  located  successfully.  Nests 
located  on  transects  were  all  found  during  the  nestling -rearing  period,  in  June  and  July; 
some  nests  located  by  falconers  were  discovered  in  the  pre-incubation  or  incubation 
periods  during  April  and  May. 


55 


More  transects  were  walked  in  deciduous  stands  than  in  pine  stands  (Table  la).  The 
majority  of  Cooper's  Hawk  nests,  however,  were  located  in  pine  stands  (Table  lb).  The 
apparent  preference  for  pine  stands  by  Cooper's  Hawks  in  southern  Illinois  was 
statistically  significant  for  those  nests  located  on  transect  searches  (Fisher's  Exact  Test:  n 
=  8,  P  =  0.007),  nests  found  elsewhere  (Fisher's  Exact  Test:  n  =  8,  P  =  0.041),  and 
overall  (Fisher's  Exact  Test:  n  =  16,  P  <  0.001). 

Of  the  nests  found  in  pine  stands,  13  were  located  in  shortleaf  pine  ( Pinus  echinata )  and 
one  in  an  eastern  white  pine  ( Pinus  strobus).  Of  the  nests  located  in  deciduous  stands, 
one  was  in  a  maple  ( Acer  rubrum ),  and  the  other  was  in  a  northern  white  oak  ( Quercus 
alb).  The  mean  (±  1  S.E.)  diameter  at  breast  height  (DBH)  of  nest  trees  was  36.6  ±  4.2 
cm  (range  =  16.2  cm  to  76.8  cm).  Mean  height  of  the  nest  tree  was  15.8  ±  0.8  m  (range 
=  10.7  m  to  21.3  m).  Mean  height  of  nests  in  trees  was  12.1  ±  0.5  m  (range  =  7.6  m  to 
15.2  m).  All  nests  were  located  in  the  upper  third  of  the  tree. 

The  smallest  and  largest  stands  in  which  Cooper's  Hawk  nests  were  located  were  3  ha  and 
25  ha  respectively.  The  average  area  of  stands  with  Cooper's  Hawk  nests  was  about  10 
ha.  Subjective  visual  analysis  suggested  nesting  Cooper's  Hawks  preferred  denser  stands. 
The  majority  of  the  nests  (n  =  13)  were  centrally  located  within  a  stand;  however,  three  of 
the  nests  were  located  on  the  edge  of  a  stand,  within  6  m  of  gravel  roads.  Three  nests 
were  located  near  (30  -  65  m)  human  habitation  and  seven  nests  were  located  near  (30  -  65 
m)  sources  of  high  human  activity  (e.g.,  churches,  campsites,  mines,  major  roads). 

Cooper's  Hawks  may  re-nest  in  the  same  stands  or  nearby  stands  in  successive  years.  The 
two  nests  found  in  deciduous  stands,  in  1989  and  1990  were  located  in  different  stands  but 
within  1  km  of  each  other.  On  two  occasions,  nests  located  in  pine  stands  by  falconers 
in  1990  were  less  than  1  km  from  nests  built  in  the  same  stands  the  previous  year.  In  all 
three  cases,  relatively  small  distances  between  Cooper's  Hawk  nests  from  successive  years 
suggested  the  return  of  the  same  nesting  pair.  Nests  found  in  1990  were  considered 
independent  of  those  found  in  1989  due  to  lack  of  identification  of  individual  Hawks. 

DISCUSSION 


Nest  Site  Selection 

Cooper's  Hawks  nesting  in  southern  Illinois  exhibited  a  strong  preference  for  pine  stands. 
This  finding  is  similar  to  that  of  Moore  and  Henny  (1983)  for  this  species  in  Oregon,  but 
contrasts  with  Vogl's  (1988)  findings  for  Indiana  where  Cooper's  Hawks  nested  in  about 
equal  numbers  in  pine  and  deciduous  trees.  Variation  in  Cooper's  Hawks  preference  for 
pine  stands  may  reflect  geographical  variation  within  the  species.  Kritz  (1989)  found  that 
Cooper's  Hawks  in  Missouri  exhibited  a  strong  preference  for  pine  stands.  However, 
most  of  the  studies  done  to  date  on  Cooper's  Hawks  have  been  conducted  in  western 
states,  where  the  species  nests  more  frequently  in  deciduous  stands  (Kritz  1989). 

We  suspect  that  the  presence  of  Blue  Jays  ( Cyanocitta  cristata)  may  be  a  factor  in  the  nest 
site  selection  of  Cooper's  Hawks.  Like  other  accipiters.  Cooper's  Hawks  prey 
predominantly  on  birds,  including  Blue  Jays,  that  do  not  hesitate  to  sound  an  alarm  call 
once  a  raptor  is  sighted.  Alarm  calls  summon  Blue  Jays  and  other  passerines  in  the  area 
to  mob  raptors.  Blue  Jay  mobbing  behavior  is  persistent,  usually  ceasing  only  when  the 
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predator  departs.  After  we  broadcast  the  Cooper's  Hawk  call,  we  were  frequently  followed, 
sometimes  for  the  entire  length  of  the  transect,  by  vigilant  Blue  Jays.  A  Cooper's  Hawk 
attempting  to  nest  in  such  an  environment  would  have  a  difficult  time.  Blue  Jays  may  be 
reacting  to  a  Cooper's  Hawk  in  the  vicinity  of  their  nest,  though  they  would  not  likely 
select  nest  sites  near  a  Cooper's  Hawk  nest. 

Blue  Jays  were  present  on  61.2%  of  all  deciduous  stand  transects  but  only  on  5.7%  of 
pine  stand  transects  in  our  study  area.  No  Blue  Jays  were  observed  within  0.5  km  of  any 
Cooper's  Hawk  nests  located  during  our  study.  It  would  be  interesting  to  determine  if  the 
Cooper's  Hawks  in  the  western  United  States  were  similarly  harassed  by  the  western  jays, 
particularly  the  Stellar's  Jay  ( Cyanocitta  stelleri).  If  such  harassment  occurs,  it  may 
account  for  the  higher  use  of  deciduous  woods  by  western  Cooper's  Hawks,  because 
Stellar's  Jays  prefer  coniferous  forests. 

The  height  of  nests  located  during  our  study  was  within  the  average  range  expected  for 
Cooper's  Hawks.  Nests  are  usually  built  at  a  height  of  11  to  14  m  (Bent  1937),  though 
nest  sites  ranging  from  5  to  18  m  above  ground  have  been  reported  (Meng  1951).  Nests 
for  this  species  are  usually  located  in  the  upper  third  of  the  nest  tree  (Bent  1937),  as  were 
all  the  Cooper's  Hawk  nests  found  during  our  study. 

Broadcast  Calls  Technique 

The  technique  used  to  call  out  the  Hawks  was  similar  to  that  used  by  Rosenfield  and 
Anderson  (1983)  and  Rosenfield  et  al.  (1988).  By  leaving  one  observer  at  one  of  ten  call 
stations  along  the  transect  while  the  second  observer  progressed  to  the  next  station  or 
beyond,  we  were  able  to  determine  that  calls  broadcast  by  the  tape  recorder  carried 
approximately  0.5  km,  definitely  as  far  as  the  next  call  station  along  the  transect  (0.1 
km).  The  total  area  covered  by  calls  broadcast  on  a  single  transect  was  thus  about  0.55 
km2.  As  Cooper's  Hawks  defend  a  nesting  territory  of  approximately  2  km2,  it  was 
highly  unlikely  that  more  than  one  Hawk  would  be  found  per  transect. 

The  effectiveness  of  the  broadcast  calls  used  in  our  study  may  have  been  hampered  by  a 
number  of  factors,  including  the  high  degree  of  background  noise  on  the  tape  used; 
degradation  and  attenuation  of  the  calls,  especially  in  deciduous  woods;  and  the  activity  of 
any  nearby  Cooper's  Hawk  at  the  time  of  broadcast.  Only  females  responded  to  the  calls; 
males  were  never  seen,  either  alone  or  with  a  female.  Each  Cooper’s  Hawk  responded  to 
the  taped  calls  only  once,  by  flying  silently  toward  the  source  of  the  calls  and  staying 
only  a  few  seconds  to  determine  that  no  threat  existed.  The  Hawks  came  only  as  close  as 
was  needed  to  view  the  source  of  the  calls;  in  denser  stands  the  Hawks  came  within  about 
3  m  of  us,  while  in  thinner  stands  they  remained  as  far  as  30  m  away. 

Population  Estimates 

Estimating  the  number  of  Cooper's  Hawks  in  southern  Illinois  was  approached  in  two 
ways,  to  estimate  the  maximum  possible  number  and  to  provide  a  best  estimate,  based 
upon  our  knowledge  of  nesting  habits  in  this  region.  An  accurate  estimate  of  the 
Cooper's  Hawk  population  in  southern  Illinois  is  difficult  to  establish  due  to  the  lack  of 
thorough  data  concerning  stand  density  and  degree  of  fragmentation  of  the  forest.  The 
majority  of  the  Shawnee  National  Forest  is  deciduous  (primarily  oak-hickory  =  64%)  and 
the  pine  stands  (18  %)tend  to  be  of  low  stand  density.  Using  data  from  the  compartment 
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files,  it  is  possible  to  determine  that  the  average  compartment  could  hold,  on  average,  13 
adjacent  but  non-overlapping  transects.  Our  success  in  locating  Cooper's  Hawks  was 
eight  Hawks  per  120  transects.  Using  this  rate,  had  we  walked  13  transects  in  every 
compartment  (n  =  366  compartments  X  13  transects/compartment  =  4758  transects),  we 
could  have  located  approximately  320  nesting  pairs  of  Cooper's  Hawks  in  the  Shawnee 
National  Forest.  This  number  would  need  to  be  increased  by  the  number  of  Cooper's 
hawks  nesting  on  state-owned  and  private  lands. 

Of  the  total  available  forest  land  in  southern  Illinois  (Table  4),  46.4%  is  privately  owned 
and  53.6%  is  owned  by  state  and  federal  governments  or  is  public  land  managed  by 
government  agencies  (Iverson  et  al.  1989).  If  we  extrapolate  using  the  data  above  from 
the  Shawnee  National  Forest  and  the  proportion  of  forested  land  that  it  represents  in 
southern  Illinois  (11%),  we  obtain  an  estimate  of  about  2700  as  the  maximum  total 
population  of  nesting  pairs  of  Cooper's  Hawks. 

A  second  estimate  requires  taking  into  account  the  relative  proportion  of  the  forested  land 
that  comprises  habitat  suitable  for  nesting  by  Cooper's  Hawks.  First,  the  estimate 
obtained  from  transect  surveys  should  be  reduced  because  Cooper's  Hawks  generally  did 
not  use  deciduous  forest  and  tended  to  avoid  managed  pine  plantations  with  their  low 
density  stands.  Using  the  compartment  data,  we  estimate  that  there  were  approximately 
10  times  as  many  transects  containing  suitable  pine  forest  as  we  traversed  in  our  surveys. 
We  thus  project  a  total  of  about  80  pairs  of  nesting  Cooper's  Hawks  in  the  Shawnee 
National  Forest.  State-owned  lands  in  the  region  have  been  extensively  searched  by 
falconers,  so  the  number  of  Hawks  nesting  on  these  lands  is  probably  only  about  3-5 
times  what  we  obtained  from  falconer's  reports  in  1989  and  1990.  That  is,  there  may  be 
25  -  40  pairs  nesting  on  state-owned  lands.  The  majority  of  privately  owned  land  in 
southern  Illinois  is  highly  fragmented  and/or  involves  little  suitable  pine.  We  thus 
estimate  that  a  maximum  of  10  -  20  pairs  of  Cooper's  Hawks  are  likely  nesting  on 
private  lands.  Together,  these  numbers  provide  a  total  population  estimate  for  the  region, 
based  upon  the  more  conservative  approach  of  using  suitable  habitat,  of  115  -  140 
nesting  pairs. 

The  limiting  factor  for  Cooper's  Hawks  in  southern  Illinois  appears  to  be  the  number  of 
dense  pine  stands,  the  preferred  nesting  habitat.  However,  more  thorough  data  concerning 
nesting,  hatching,  and  fledging  success  rates  of  this  species  in  southern  Illinois  are  needed 
before  any  long-term  recommendations  concerning  habitat  alterations  or  other  significant 
management  implications  can  be  discussed. 
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Table  1.  Number  of  transects  walked  in  the  Shawnee  National  Forest,  southern  Illinois, 
in  1989  and  1990  according  to  whether  the  stand  type  was  pine  or  deciduous. 
Numbers  in  parentheses  indicate  the  percentage  of  total  transects  walked  (a). 
Number  of  Cooper's  Hawk  nests  located  in  southern  Illinois  in  1989  and  1990 
by  stand  type.  Numbers  in  parentheses  indicate  the  percentage  of  total 
Cooper's  Hawk  nests  found  in  each  stand  type  (b). 


(a)  Transects  Walked  (N  =  120) 


Pine 

Deciduous 

1989 

20 

40 

1990 

15 

45 

Total 

35  (29%) 

85  (71%) 

(b)  Nest  Location  by  Stand  Type  (N  =  16) 


Pine  Deciduous 

6 
6 

14  (88%) 


1989 

1990 
Total 


1 

1 

2  (12%) 
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Figure  1.  Southern  Illinois  counties  included  in  the  study  area.  All  but  Pulaski  County 
contain  Shawnee  National  Forest  land. 
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Figure  2.  The  four  Ranger  Districts  of  the  Shawnee  National  Forest.  The  Elizabethtown 
and  Vienna  Ranger  Districts  were  considered  to  be  the  eastern  half  of  the 
Shawnee  National  Forest,  while  the  Murphysboro  and  Jonesboro  Ranger 
Districts  were  considered  to  be  the  western  half  of  the  Shawnee  National 
Forest. 
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ABSTRACT 

To  determine  the  utility  of  archived  reference  values  of  species  specific  normal  brain 
cholinesterase  (ChE)  values  and  the  prevalence  of  organophosphate  and  carbamate 
(antiChE)  pesticide  poisoning  of  raptors,  105  raptor  [great  homed  owl  (. Bubo  Virginians ), 
screech  owl  ( Otus  asio)y  barred  owl  ( Strix  varia ),  red-tailed  hawk  ( Buteo  jamaicensis ),  and 
kestrel  ( Falco  sparvenius )]  carcasses  were  collected  from  central  and  southern  Illinois. 
Specimens  were  necropsied  and  brain  tissue  assayed  for  ChE  activity.  Cause  of  death 
determined  for  83  specimens  included  cachexia,  trauma,  and  disease.  Mean  brain  ChE 
activity  was  calculated  for  each  species  from  adultspecimens  with  a  known  proximal  cause 
of  death  (Cooperative  Wildlife  Research  Laboratory  (CWRL)  data  set).  Based  on 
published  mean  brain  ChE  values  4  of  the  105  specimens  would  be  considered  suspect. 
Based  on  normal  ChE  values  generated  in  the  present  study  (CWRL  data  set),  6  of  the  105 
birds  would  have  been  considered  suspect.  The  close  agreement  in  determination  of 
suspect  specimens  based  on  the  data  from  this  study  and  archived  reference  data  indicates 
the  utility  of  published  reference  values  in  screening  birds  for  antiChE  poisoning. 

INTRODUCTION 

Agricultural  and  silviculture  applications  of  organophosphate  and  carbamate  pesticides 
with  anticholinesterase  (antiChE)  properties  have  been  responsible  for  mortality  of 
songbirds,  gamebirds,  gulls,  and  waterfowl  (Finley,  1965;  Hill  and  Fleming,  1982;  White 
and  Mitchell,  1983;  White  and  Kolbe,  1985).  Raptors  are  susceptible  to  primary 
poisoning  and  also  to  secondary  poisoning  by  feeding  on  incidentally  or  intentionally 
poisoned  birds  or  mammals  (Balcomb,  1983;  Henny  et  al.,  1987).  Raptor  mortality  due 
to  antiChE  pesticide  exposure  may  be  underestimated  because  animals  often  die  some 
distance  away  from  the  pesticide  source. 

Diagnosis  of  antiChE  pesticide  poisoning  requires  demonstration  of  >50%  depression  in 
normal  brain  ChE  activity  and  detection  of  antiChE  pesticide  residue  in  or  on  the  dead 
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animal  (Hill  and  Fleming,  1982).  Detection  of  pesticide  residue  is  costly  and  more 
difficult  than  determination  of  brain  ChE  activity,  therefore,  it  would  be  desirable  to  use 
reduction  in  ChE  activity  as  a  screening  test  for  antiChE  pesticide  poisoning. 
Calculation  of  percent  ChE  inhibition  requires  knowledge  about  normal  ChE  activity  for 
a  species.  Concurrently  collected  control  specimens  handled  in  the  same  manner  as 
suspect  specimens  would  provide  the  best  comparative  data  for  determination  of  normal 
brain  ChE  activity  (Hill  and  Fleming,  1982).  However,  it  may  not  always  be  feasible  or, 
in  the  case  of  endangered  or  threatened  species,  desirable  to  obtain  suitable  control 
specimens.  Therefore,  it  has  been  suggested  that  a  reference  file  of  normal  ChE  activities 
be  developed  from  wildlife  species  collected  for  other  projects  or  opportunistically 
salvaged  specimens  where  cause  of  death  was  not  believed  to  be  due  to  antiChE  pesticides 
(Westlake  et  al.,  1981;  Hill,  1988a). 

Utilization  of  a  reference  file  of  normal  ChE  activity  may  be  limited  because  of  variation 
in  specimen  handling,  assay  equipment  or  other  inter-laboratory  differences  (Hill  and 
Fleming,  1982;  Fairbrother  and  Bennett,  1988).  The  purpose  of  this  study  was  to 
determine  brain  cholinesterase  activity  in  dead  raptors  collected  in  Illinois  and  compare 
these  values  to  published  reference  values  of  normal  ChE  activities  for  these  species  as  a 
screening  test  for  exposure  to  anticholinesterase  compounds.  If  published  reference  values 
did  not  exist,  estimates  were  made  from  the  current  data  base. 

MATERIALS  AND  METHODS 

During  1986-87,  105  dead  or  moribund  raptors  of  5  species  [great  homed  owl  {Bubo 
virginianus ),  screech  owl  ( Otus  asio ),  barred  owl  ( Strix  varia ),  red-tailed  hawk  ( Buteo 
jamaicensis ),  and  kestrel  ( Falco  sparvenius )]  were  collected  from  central  and  southern 
Illinois  by  personnel  of  Treehouse  Wildlife  Center,  Illinois  Department  of  Conservation, 
Jackson  County  Humane  Society,  and  Cooperative  Wildlife  Research  Laboratory,  SIU-C. 
Moribund  birds  were  euthanized.  Bird  carcasses  were  handled  by  a  variety  of  methods  and 
were  received  for  analysis  in  different  stages  of  autolysis.  Once  in  our  laboratory,  all 
carcasses  were  frozen  at  -4°C.  Heads  were  removed,  without  thawing  and  returned  to  -4°C. 
Thawed,  decapitated  specimens  were  necropsied.  Sex,  general  physical  condition  and  age 
were  assessed.  Diagnosis  of  cause  of  death  (Table  1)  was  based  on  gross  lesions  and 
histopathology  when  necessary.  Trauma  diagnosed  included  animals  gun  shot,  hit  by  car, 
and  caught  in  traps.  Cause  of  death  was  not  determined  for  22  specimens.  Histories  were 
not  available  on  all  specimens,  however,  2  birds  (classified  unknowns)  were  believed  to 
have  been  poisoned  based  on  reported  clinical  signs.  ChE  values  for  all  unknowns  and 
birds  of  undetermined  sex  (n=2)  were  not  included  in  statistical  analysis. 

Brain  tissue  was  assayed  for  ChE  activity  by  the  modified  method  of  Ellman  (Ellman  et 
al.,  1961)  as  outlined  by  Hill  and  Fleming  (1982).  In  addition  to  bird  samples,  positive 
and  negative  controls  using  rat  brains  were  included.  Proper  assay  performance  was 
monitored  by  inter-assay  determination  of  brain  ChE  activity  of  sub-lethally  poisoned  rats 
(positive  controls)  and  normal  (negative)  controls.  Five  male  Sprague-Dawley  rats  (150 
g),  topically  treated  on  a  shaved  area  of  their  backs  with  one  third  the  dermal  LD50  of 
fenthion  (Kenaga  and  End,  1974  as  cited  in  Buck  et  al.,  1976)  24  hours  prior  to  sacrifice, 
served  as  positive  controls.  Five  other  rats  received  sham  treatment  and  were  used  as 
negative  controls.  Rats  were  killed  in  a  CO2  chamber,  decapitated  and  heads  frozen. 
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Rat  and  bird  heads  were  thawed  and  brains  removed  no  more  than  24  hours  prior  to  assay. 
Thawed  brains  were  refrigerated  until  a  0.8  g  sub-sample  was  homogenized  in  a  hand 
operated  Dounce  tissue  grinder  and  assayed  at  room  temperature  (22±1°C).  A  20  pi 
aliquot  of  the  sample,  substrate  and  chromogen  were  incubated  2.5  to  3.0  min.; 
absorbance  was  recorded  every  30  sec.  after  the  first  30  sec.  Absorbance  was  measured  at 
a  wavelength  of  405  nm  on  a  Turner  model  350  spectrophotometer  fitted  with  a  400  to 
600  nm  filter.  Mean  ChE  activity  and  standard  deviation  for  each  species  was  determined 
from  adult  specimens  with  a  known  proximal  cause  of  death  (CWRL  data  set). 

Significance  of  inter-assay  differences  between  positive  and  negative  control  rats  was 
determined  by  t-test  for  related  samples.  The  significance  of  intra-specific  age  and  sex 
differences  was  determined  by  t-tests  (SAS  Institute  Inc.  1987).  Affect  of  autolysis  on 
ChE  activity  was  determined  by  assaying  a  second  sub-sample  from  10  raptor  brains  held 
for  22  to  24  hours  at  room  temperature.  Paired  comparison  t-test  (t  statistic  and 
probability  value  for  null  hypothesis  that  group  mean  difference  is  equal  to  zero)  was  used 
to  determine  affect  of  autolysis.  Significance  level  for  all  tests  was  0.05. 

RESULTS 

ChE  values  for  positive  control  rats  were  significantly  lower  than  their  intra-assay 
negative  control  (5.411SE  0.61,  9.18±SE  1.01,  respectively).  Mean  ChE  activity  did 
not  vary  significantly  between  adult  and  juvenile  great  homed  owls,  screech  owls  and 
barred  owls.  Juvenile  red-tailed  hawks  and  kestrels  differed  significantly  from  their  adult 
counterparts,  but  in  both  cases,  the  juvenile  sample  size  was  small.  No  significant 
differences  were  found  between  sex  of  adult  birds  of  the  same  species. 

Sub- samples  from  brains  allowed  to  autolyze  at  room  temperature  differed  significantly 
from  the  pre-autolysis  sub-samples.  One  autolyzed  sample  increased  in  ChE  by  3.4 
pmol/min/g  (22%),  wet  wt.,  over  its  initial  value.  All  other  autolyzed  samples  decreased 
ChE  activity  significantly  (5  to  49%;  -3.62±SE  1.56)  over  their  pre-treatment  values. 

Mean  ChE  activity  for  adults  of  all  bird  species  ranged  from  1 8  to  29  jamol/min/g,  wet 
wt.  (Table  2).  Species  mean  brain  ChE  activity  as  determined  from  the  CWRL  data  set 
were  similar  to  those  determined  by  Hill  (1988a);  however,  variation  was  higher  in  the 
Illinois  birds.  Four  of  the  105  birds  examined  would  have  been  recommended  for  further 
analysis  for  possible  pesticide  residue  detection  based  on  50%  depression  from  the  means 
reported  by  Hill  (1988a).  Six  of  the  105  birds  would  have  triggered  further  analyses  based 
on  mean  data  from  the  CWRL's  data  set  (Table  3).  The  great  homed  owl  and  a  kestrel 
submitted  as  poisoning  suspects  had  brain  ChE  levels  depressed  69%  and  52%, 
respectively  from  their  species  mean  in  the  CWRL  data  set. 

DISCUSSION 

Six  of  the  105  raptors  surveyed  had  brain  ChE  activity  suggestive  of  antiChE  pesticide 
poisoning.  Although  not  a  high  percentage,  it  does  suggest  exposure  of  Illinois  raptors 
to  antiChE  compounds.  Although  the  proximal  cause  of  death  of  all  suspect  specimens 
was  attributed  to  causes  other  than  antiChE  poisoning,  sublethal  exposure  could  not  be 
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discounted  as  a  contributing  factor.  Experienced  raptor  rehabilitators  had  noted  signs  of 
neural  poisoning  in  a  great  homed  owl  and  kestrel  that  had  greater  than  50%  inhibition  of 
brain  ChE.  Altered  behavior,  as  a  result  of  chemical  exposure,  may  increase  the 
vulnerability  of  an  animal  to  mortality  factors,  such  as  predation  or  accidents. 

In  general,  ChE  activity  of  raptors  reported  in  this  investigation  was  more  variable  than 
data  presented  by  Hill  (1988a).  Fairbrother  and  Bennett  (1988)  outlined  a  variety  of 
reasons  for  between  or  within  laboratory  variation  in  ChE  determination  including 
differences  in  homogenization  technique  and  settling  variation  in  brain  homogenate.  Our 
spectrophotometer,  unlike  Hill's  (1988a),  was  not  equipped  with  a  circulating  water  bath 
for  precise  temperature  control.  Therefore,  some  intra-specific  ChE  variation  may  be  due 
to  inter-assay  temperature  variation.  Differences  in  degree  of  autolysis  can  also  affect 
ChE  activity.  Although  none  of  our  continued  autolysis  sample  values  fell  below  50% 
of  the  species  normal  mean  as  determined  by  us  or  Hill  (1988a),  they  did  differ 
significantly  from  their  pre-autolysis  samples.  Highly  variable  ChE  values  might 
logically  be  expected  from  specimens  that  vary  greatly  in  degree  of  autolysis. 

The  greatest  utility  of  published  reference  values  for  normal  ChE  activity  is  in 
monitoring  for  organophosphate/carbamate  exposure  or  investigating  localized  die-offs 
where  tentative  results  could  determine  whether  more  costly  pesticide  residue  identification 
is  warranted.  Although  there  are  many  factors  to  consider  in  comparison  of  inter-assay 
and  inter-laboratory  results  (Hill  and  Fleming  1982,  Fairbrother  and  Bennett  1988,  Hill 
1988b),  we  believe  the  close  agreement  between  specimens  classified  as  suspect  based  on 
the  CWRL  data  and  those  classified  suspect  based  on  published  reference  values  (Hill 
1988a)  support  the  use  of  archived  reference  values.  Assays  conducted  in  a  modestly 
equipped  field  laboratory  such  as  ours  can  help  resolve  the  incidents  of  wildlife  mortality 
of  unknown  cause.  ChE  determination  from  opportunistically  collected  suitable  "clean" 
specimens,  especially  of  rare  or  endangered  species,  is  encouraged.  Future  studies  should 
include  controls  such  as  the  ChE  standard  suggested  by  Fairbrother  and  Bennett  (1988). 
Using  a  ChE  standard  would  increase  confidence  in  inter-laboratory  and  -assay 
comparisons. 
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Table  1:  Cause  of  death  determined  by  necropsy  and  histopathology  for  105  raptor 
specimens. 


Species  Cachexia*  Trauma  Diseased  Unknown 


Great  Homed  Owl  6  27 

Screech  Owl  0  8 

Barred  Owl  2  20 

Red-tailed  Hawk  0  10 

Kestrel  1  2 


*Cause  unknown 


4 

0 

1 

1 

1 


4 

0 

14 

3 

1 


Table  2:  Species,  sample  size  [n],  mean  cholinesterase  value  and  standard  deviation  (SD) 
for  adult  raptors  as  determined  in  this  study  (CWRL)  and  by  Hill  (1988a). 


Mean  ChE  Activity 
jLtmol/min/g,  wet  wt. 
(SD) 

[0] 


Species  CWRL  Hill 


Great  Homed  Owl  20  16 

(5.5)  (2.5) 

[33]  [19] 

Screech  Owl  20  19 

(3.6)  (2.5) 

[6]  [11] 


Barred  Owl  18 

(6.1) 

[18] 


Red-tailed  Hawk  22  19 

(7.3)  (3.2) 

[9]  [15] 

29  27 

0.7)  (2.8) 

[3]  [11] 


CWRL 

Range 


9.3-30.3 


16.6-27.0 


9.2-34.4 


13.0-35.9 


26.9-30.2 


Kestrel 
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Table  3:  Comparison  of  suspect  specimens  based  on  CWRL  and  Hill's  (1988a)  means. 


Presumptive 

Diagnosis 

Brain 

ChE 

%  Depressed 
from  mean 

Species 

Age1 

CWRL 

Hill's 

Great  Homed  Owl 

A 

Trauma 

9.36 

53 

41 

Great  Homed  Owl 

A 

Poisoning 

Suspect 

6.13 

69 

61 

Red-Tailed  Hawk 

SA 

Trauma 

10.07 

54 

47 

Screech  Owl 

SA 

Trauma 

7.93 

60 

58 

Kestrel 

SA 

Cachexia 

13.52 

53 

50 

Kestrel 

A 

Poisoning 

Suspect 

13.00 

52 

50 

1  A  =  adult,  SA  =  sub-adult 
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ABSTRACT 

Rainbow  trout  were  stocked  in  Argyle  Lake,  a  95-acre  impoundment  in  the  Lamoine 
River  drainage,  McDonough  County,  Illinois,  in  October,  1989,  as  part  of  the  state's  put- 
and-take  program.  Trout  food  habits  examined  during  1989-1991  showed  that 
cladocerans  were  the  major  food  item  found  in  fall  but  dipterans  were  also  common.  In 
winter,  stomachs  contained  trichopterans  and  other  benthic  invertebrates  as  well  as 
organic  matter,  indicating  trout  switched  to  benthic  foraging.  With  prolonged  ice  cover, 
juvenile  bluegills  became  the  major  food  item  with  up  to  6  per  stomach  recorded. 
Immediately  after  ice-out,  dipterans  were  the  most  abundant  item  with  cladocerans 
dominating  somewhat  later.  Food  items  for  trout  were  similar  to  those  of  juvenile 
bluegills  in  the  fall  and  spring.  As  a  result,  trout  may  benefit  largemouth  bass/bluegill 
populations  by  reducing  numbers  of  juvenile  bluegills  during  the  winter  and  lessening 
food  competition  between  juvenile  bass  and  remaining  bluegills. 

INTRODUCTION 

Rainbow  trout  ( Oncorhynchus  mykiss)  have  been  stocked  in  certain  Illinois  lakes  to 
provide  anglers  with  additional  fishing  opportunities.  Because  many  trout  are  not  caught 
and  survive  until  the  following  summer,  their  food  habits  may  impact  those  of  resident 
fishes.  No  prior  trout  food  habit  studies  in  Illinois  have  extended  beyond  30  days  after 
stocking,  so  the  present  study  was  initiated  to  investigate  what  foods  trout  utilize  after 
that  time. 


MATERIALS  AND  METHODS 

Rainbow  trout  that  were  stocked  in  October  of  1989  and  1990  and  averaged  10.5  ±  0.43 
in.  (7.6  ±  0.2  oz)  and  9.9  ±  0.76  in.  (7.2  ±  0.5  oz),  respectively,  were  studied  in  Argyle 
Lake,  McDonough  County,  Illinois.  About  9,500  trout  (100  per  acre)  were  stocked  each 
year.  These  trout  were  reared  at  the  Jake  Wolf  Memorial  Fish  Hatchery,  Manito,  Illinois. 
Trout  were  collected  for  food  habits  via  angler  catches  during  the  fishing  season.  In 
addition,  largemouth  bass  (. Micropterus  salmoides )  and  bluegill  ( Lepomis  macrochirus) 
were  collected  for  stomach  content  analysis  using  electrofishing  and  seining  in  the  fall  of 
1989  and  spring  and  fall  of  1990. 


72 


Stomach  contents  of  trout  and  larger  bass  were  taken  by  inserting  a  clear  plastic  tube  into 
the  stomach  of  each  fish.  This  method  removed  at  least  95%  of  stomach  contents 
(Gilliland  and  Clady  1981)  and  it  allowed  fish  to  be  returned  alive  to  the  lake  or  the 
anglers.  Water  was  poured  down  the  tube  to  flush  any  contents  into  a  collection  bag  with 
10%  formalin.  Whole  bluegill  and  smaller  bass  collected  were  preserved  in  10%  for  later 
dissection.  Food  items  were  classified  to  order  and  recorded  as  percent  occurrence  by 
month  for  each  species.  All  other  organic  matter  was  designated  as  detritus.  Morisita's 
index  of  community  similarity  (Eckblad  1989)  was  used  to  determine  dietary  overlap. 
Index  values  could  range  from  0.0  to  1 .0;  a  value  of  0.6  or  higher  was  considered  to  be 
the  threshold  for  food  competition  (Kruse  and  Durham  1989). 

RESULTS  AND  DISCUSSION 

The  percentage  of  trout  containing  food  was  high  throughout  the  study;  85-100%  of  fish 
sampled  contained  some  form  of  food  at  all  sampling  times  (Tables  1  and  2).  Trout 
began  feeding  several  days  after  being  stocked.  Those  sampled  on  opening  day  of  trout 
season  both  years  contained  up  to  several  hundred  Daphnia ,  even  though  trout  were  in 
the  lake  for  3  or  4  days.  Daphnia  remained  the  most  prevalent  item  from  October 
through  December  in  both  1989  and  1990  with  72-100%  containing  several  hundred  of 
them.  Similar  feeding  habits  were  found  for  rainbow  trout  in  Payne  Lake,  Alberta, 
Canada,  where  Daphnia  predominated  summer  food  items  (Barton  and  Bidgood  1980). 
Trout  under  9.9  in.  fed  heavily  on  Daphnia  in  summer  and  fall  in  Lake  Washington 
(Beauchamp  1990).  Lake  Argyle  trout  also  ate  dipterans  (mostly  chironomids)  in  fall  of 
both  years  (Tables  1  and  2)  with  lesser  amounts  of  coleopterans  and  hemipterans. 

Trout  switched  to  more  benthic  foraging  beginning  in  December  since  Daphnia  were  not 
found  then.  Dipterans  were  most  frequently  found  in  stomachs  (50%  occurrence) 
followed  by  odonates  and  hemipterans  (Table  2).  In  January,  1991,  large  trichopterans 
(1.0- 1.5  in)  were  found  in  about  one  third  of  the  trout  which  contained  one  or  more  of 
these  larvae.  Hatchery-reared  rainbow  trout  fed  heavily  on  trichopterans  in  the  Salmon 
River,  New  York  in  winter  (Johnson  1981).  Argyle  Lake  trout  contained  other  benthic 
organisms  including  other  dipterans,  odonates,  hemipterans,  ephemeropteraiis  and 
amphipods.  In  addition,  one  to  six  juvenile  bluegills  (under  2  in.)  occurred  in  10%  of 
stomachs  in  January,  1991,  but  increased  to  38%  in  February  and  became  the 
predominate  food  item. 

Trout  returned  to  feeding  on  available  zooplankton  and  insect  larvae  during  March 
through  May  (Tables  1  and  2).  Chironomids  were  the  major  item  found  early  in  March 
until  Daphnia  became  abundant  later  in  the  month.  More  insect  larvae  were  consumed  as 
they  increased  in  spring  and  a  variety  of  invertebrates  were  also  eaten  including 
coleopterans,  dipterans,  gastropods,  odonates,  and  trichopterans  suggesting  more  limnetic 
foraging.  Similar  feeding  was  found  in  trout  in  the  prairie  pothole  region  in  Manitoba, 
Canada  (Olenick  1981)  where  limnetic  insect  larvae  were  consumed  almost  exclusively 
from  May  through  August. 

Com  and  marshmallows  appeared  in  many  months  because  of  their  use  as  bait  by  anglers, 
especially  in  October  and  November  when  trout  fishing  had  just  begun  and  fishing 
pressure  was  high  (Tables  1  and  2).  No  trout  were  caught  after  May,  perhaps  because  the 
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surface  water  was  warming  and  less  dissolved  oxygen  caused  unsuitable  conditions  for 
trout  survival. 

About  95%  of  juvenile  bluegills  (under  4  in.)  sampled  in  November,  1989,  consumed 
many  Daphnia ,  similar  to  the  trout  (Table  3).  In  May,  1990,  bluegills  again  fed  on 
Daphnia  but  the  percent  occurrence  of  chironomids  was  nearly  as  high.  Juvenile 
largemouth  bass  were  mainly  piscivorous  in  fall  of  both  years,  but  in  spring,  the  smaller 
juveniles  consumed  cladocerans,  dipterans,  and  hemipterans  in  addition  to  small  fish 
(Table  4).  Trout  and  bluegills  had  substantial  dietary  overlap  in  both  fall,  1989,  and 
spring,  1990,  using  Morisita's  index  of  community  similarity  (Table  5).  However,  trout 
and  bluegills  did  not  show  substantial  dietary  overlap  in  fall,  1990,  because  bluegills  were 
sampled  in  early  September  when  they  were  eating  abundant  chironomid  larvae  and  other 
insects.  Daphnia  were  virtually  absent  from  bluegill  stomachs  during  September  (Table 
3).  Trout  and  largemouth  bass  did  not  have  substantial  dietary  overlap  in  fall  1989  and 
1990  (Table  5)  but  they  did  in  spring,  1990,  when  bass  fed  on  aquatic  insects  and 
zooplankton  in  addition  to  small  fish.  Thus,  trout  may  have  competed  with  juvenile 
bluegills  and  largemouth  bass  during  October  through  November  and  March  through 
April  when  eating  Daphnia  and  aquatic  insects.  This  is  similar  to  other  studies  in  which 
trout  of  similar  sizes  to  Argyle  trout  were  planktivorous  and  competed  with  Kokanee 
salmon,  speckled  dace,  and  Utah  chub  for  a  zooplankton  forage  base  (Johnson  1982; 
Schniedervin  and  Hubert  1985;  Stuber  et  al.  1985).  Kruse  and  Durham  (1989)  found  that 
trout  did  not  compete  with  juveniles  of  native  warmwater  species  in  three  small 
impoundments  in  Illinois.  However,  Argyle  Lake  trout  remained  in  the  lake  longer  and  in 
greater  numbers,  since  60-100%  were  caught  by  anglers  within  30  days  after  stocking  in 
these  three  lakes.  Their  food  was  mostly  canned  com  used  as  bait  by  fishermen. 

By  remaining  in  the  lake  for  up  to  7  mo.,  trout  may  have  helped  reduce  small  bluegills  by 
direct  predation  in  winter  and  utilizing  plankton  and  insects  that  bluegills  also  ate. 
Juvenile  largemouth  bass  may  have  benefited  due  to  trout  reducing  juvenile  bluegills 
which  feed  on  similar  food  as  young  bass.  Since  bluegills  can  overpopulate  and  stunt  if 
their  numbers  increase  dramatically  (Bennett  1970),  trout  may  benefit  a  bass/bluegill 
fishery  by  utilizing  the  same  food  resources  as  juvenile  bass  and  bluegills  as  well  as 
consuming  juvenile  bluegills  during  the  winter. 
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Table  1.  Percent  occurrence  of  food  items  in  rainbow  trout  stomachs  in  Argyle  Lake 
from  October,  1989  through  May,  1990.  


Food  type 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

Cladocera 

72 

100 

44 

0 

70 

83 

89 

67 

Diptera 

39 

68 

33 

50 

91 

70 

67 

67 

Trichoptera 

0 

0 

0 

0 

0 

30 

22 

50 

Odonata 

0 

0 

0 

0 

37 

43 

33 

50 

Coleoptera 

28 

37 

11 

0 

30 

26 

67 

50 

Hemiptera 

6 

0 

0 

0 

0 

17 

0 

0 

Ephemeroptera 

6 

0 

0 

0 

0 

0 

0 

0 

Detritus 

78 

53 

78 

100 

43 

56 

67 

100 

Gastropoda 

0 

0 

0 

0 

0 

22 

44 

67 

Com 

22 

21 

44 

0 

26 

35 

22 

50 

Marshmallows 

39 

26 

0 

0 

9 

9 

0 

0 

No.  Fish 

21 

19 

9 

4 

27 

23 

9 

6 

No.  with  food 

18 

19 

9 

4 

23 

23 

9 

6 

Percent 

86 

100 

100 

100 

85 

100 

100 

100 

Table  2.  Percent  occurrence  of  food  items  in  rainbow  trout  stomachs  in  Argyle  Lake 


from  October,  1990  through  March,  1991. 


Food  type 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Cladocera 

97 

96 

50 

1 

0 

0 

Diptera 

53 

46 

50 

35 

29 

77 

Trichoptera 

0 

0 

0 

32 

10 

12 

Odonata 

0 

21 

43 

15 

11 

23 

Coleoptera 

23 

32 

0 

2 

0 

7 

Hemiptera 

23 

0 

36 

15 

21 

0 

Ephemeroptera 

0 

0 

0 

10 

13 

9 

Amphipoda 

0 

0 

0 

13 

29 

0 

Podacopa 

0 

0 

0 

1 

0 

0 

Megaloptera 

0 

0 

0 

1 

2 

0 

Detritus 

77 

79 

100 

94 

91 

98 

Com 

37 

36 

29 

2 

7 

69 

Marshmallows 

30 

18 

0 

0 

0 

0 

Waxworms 

0 

0 

0 

21 

10 

12 

Bluegills 

0 

0 

0 

10 

41 

0 

Mollusca 

0 

0 

0 

0 

3 

0 

No.  Fish 

37 

28 

14 

134 

53 

23 

No.  with  food 

30 

28 

14 

126 

48 

18 

Percent 

86 

100 

100 

94 

91 

78 

76 


Table  3.  Percent  occurrence  of  food  items  in  juvenile  bluegill  stomachs  in  Argyle  Lake. 


Food  type 

Nov.  1989 

May  1990 

Sept.  1990 

Cladocera 

98 

56 

0 

Diptera 

30 

54 

70 

Odonata 

2 

22 

0 

Coleoptera 

20 

3 

3 

Mollusca 

0 

50 

0 

Trichoptera 

0 

0 

19 

Hemiptera 

0 

0 

3 

Amphipoda 

5 

0 

8 

Detritus 

5 

43 

62 

No.  Fish 

44 

75 

53 

No.  with  food 

44 

69 

37 

Percent 

100 

92 

70 

Table  4.  Percent  occurrence  of  food  items 
Argyle  Lake. 

in  juvenile  largemouth  bass  stomachs  in 

Food  type 

Nov.  1989 

May  1990 

Sept.  1990 

Unid.  Fish 

59 

38 

13 

Bluegills 

37 

0 

75 

Green  Sunfish 

7 

0 

0 

Largemouth  Bass 

6 

0 

0 

Hemiptera 

4 

19 

75 

Diptera 

0 

38 

0 

Cladocera 

0 

19 

0 

Crayfish 

9 

13 

13 

No.  Fish 

81 

25 

8 

No.  with  food 

54 

16 

8 

Percent 

67 

64 

100 

77 


Table  5.  Dietary  overlap  of  juvenile  bluegills  and  bass  with  rainbow  trout  in  Argyle 
Lake  using  Morisita’s  index  of  community  similarity. 


EalL im 

Morisita’s  values 

Bluegills  (N=44) 

0.957 

Largemouth  Bass  (N=54) 

0.002 

Spring.  199Q 

Bluegills  (N=69) 

0.879 

Largemouth  Bass  (N=16) 

0.608 

Fall  1990 

Bluegills  (N=37) 

0.425 

Largemouth  Bass  (N=8) 

0.070 
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Feeding  Habits  of  Short-Eared  Owls 
Overwintering  in  Southern  Illinois 

Angela  Machniak  and  George  Feldhamer 
Department  of  Zoology 
Southern  Illinois  University 
Carbondale,  IL  62901 

ABSTRACT 

Pellets  from  short-eared  owls  ( Asio  flammeus )  were  collected  during  March  1990  and 
January -March  1992  from  a  former  strip-mine  area  in  southern  Illinois  and  analyzed  for 
prey  remains.  Microtines  comprised  85.8%  of  141  skull  remains  in  1990,  and  85.0%  of 
147  skull  remains  in  1992.  Results  were  similar  to  previous  studies  in  Illinois  and 
elsewhere. 


INTRODUCTION 

Peabody  Mine  is  a  strip-mine  site  located  about  20  km  southeast  of  Harrisburg,  Saline 
County,  Illinois,  that  has  not  been  in  operation  since  1987.  Short-eared  owls  have  been 
found  on  the  site  since  1988,  where  they  roost  on  the  ground  in  fields  of  foxtail 
(Alopecurus  carolinianus ),  broomsedge  ( Andropogon  virginicus ),  little  blue  stem 
(Schizachyrium  scoparium ),  switch  grass  ( Panicum  virgatum ),  and  fescue  ( Festuca 
pratensis).  Little  blue  stem  and  switch  grass  were  planted  at  the  site.  Adjacent  to  the 
roost  site  is  a  0.5  ha  plot  of  tilled  com  and  four  deep  pools  of  water.  Five  short-eared 
owls  occupied  the  site  in  1990,  and  at  least  11  in  1992.  They  used  the  site  from  late 
November  through  mid-March  each  year.  It  was  not  determined  whether  the  same 
individuals  used  the  area  during  the  two  sampling  periods.  Pellets  were  collected  from  a 
communal  diurnal  roost  site  each  year.  Our  objective  was  to  identify  prey  consumed  by 
short-eared  owls  in  this  area,  and  contrast  any  change  in  frequency  of  prey  species 
occurrence  in  1990  vs.  1992. 

MATERIALS  AND  METHODS 

Pellets  were  collected  in  March  1990  and  represented  a  3 -month  accumulation  from  five 
short-eared  owls.  Pellets  were  collected  in  1992  at  monthly  intervals  from  January 
through  March  when  at  least  1 1  short-eared  owls  were  using  the  site.  Prey  remains  were 
separated  from  pellets  by  hand.  The  mandible  and  cranium  was  used  to  identify  each 
taxon.  Skulls  of  prairie  voles  ( Microtus  ochrogaster )  were  differentiated  from  those  of 
pine  voles  (A/.  pinetorum )  on  the  basis  of  the  anterior  border  on  the  fourth  triangle  of  the 
first  lower  molar  (Martin  1974,  Martin  and  Webb  1974).  Because  of  the  low  occurrence 
of  Peromyscus  in  the  samples,  no  attempt  was  made  to  determine  species  for  this  taxon. 
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RESULTS  AND  DISCUSSION 

Remains  of  141  prey  items  were  recovered  from  104  pellets  collected  in  1990  (mean 
number  of  prey  items  per  pellet  =  1.36),  of  which  85.8%  were  microtines.  In  1992,  147 
prey  items  were  found  in  113  pellets  (mean  number  of  prey  items  per  pellet  =  1.30),  of 
which  85.0%  were  microtines.  The  same  six  mammalian  taxa  were  found  in  1992  as  in 
1990,  and  were  remarkably  similar  in  frequency  (Table  1).  There  was  no  significant 
difference  for  the  1990  vs  1992  sample  in  the  frequency  of  prey  consumed  (G-test  =  2.53, 
df  =  7,  P  >  0.50),  and  the  Shannon- Weiner  Diversity  Index  was  the  same  for  each  year 
(Table  1). 

Our  results  are  similar  to  Colvin  and  Spaulding  (1983)  who  found  short-eared  owls  in 
Ohio  consumed  95.4%  meadow  voles  (Af.  pennsylvanicus).  Clark  (1975)  reported  the 
proportion  of  Microtus  in  the  diet  of  wintering  short-eared  owls  in  New  York  was  never 
below  90%,  and  this  is  consistent  with  other  studies  on  short-eared  owls  (Snyder  and 
Hope  1938,  Terres  and  Jameson  1943,  Kirkpatrick  and  Conway  1947,  Weller  et  al.  1952, 
Graber  1962,  Clark  1972).  In  contrast,  however,  Cahn  and  Kemp  (1930)  found  short¬ 
eared  owls  in  central  Illinois  took  only  29.2%  voles.  As  in  other  species  of  owls  (Bunn 
et  al.  1982),  short-eared  owls  do  not  forage  selectively,  but  take  prey  opportunistically,  in 
proportion  to  availability  (Clark  1975).  We  examined  only  pellets  cast  at  the  roost,  and 
not  pellets  cast  while  the  owls  were  foraging,  although  there  may  be  "...  a  difference  in 
percentage  composition  [of  prey]  between  field  cast  pellets  and  roost  cast  pellets  ..."  in 
short-eared  owls  (Clark  1975:1 1).  Nevertheless,  considering  roost  pellets  cast  during  the 
winters  of  1990  and  1992,  there  was  temporal  consistency  in  the  diet  of  short-eared  owls 
on  the  study  area,  and  likely  an  associated  consistency  in  relative  abundance  of  the  small 
mammal  fauna  during  this  period. 
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Table  1.  Prey  remains  in  short-eared  owl  pellets  collected  in  1990  and  1992,  from  the 
Peabody  Mine  area,  Saline  County,  Illinois. 


Winter  1990 

£n  =  lM> 

Winter  1992 

(n  =  113) 

Prey  Hem 
MAMMALS 

Frequency 

%. 

Frequency 

%. 

Rodents 

Prairie  vole 
( Microtus 
ochrogaster) 

Pine  vole 

77 

54.6 

75 

51.0 

{Microtus 
pinetorum ) 

House  mouse 

40 

28.4 

48 

32.6 

( Mus 
mus  cuius) 

8 

5.7 

12 

8.2 

Bog  lemming 
( Synaptomys 
cooperi) 

Deer  mouse 

4 

2.8 

2 

1.4 

( Peromyscus ) 

2 

1.4 

2 

1.4 

Insectivores 

Least  shrew 
{Cryptotis 
parva ) 

2 

1.4 

1 

0.7 

SUBTOTAL 

Mammals 

133 

94.3 

140 

95.3 

BIRDS 

(Unknown 

passerines 

8 

5.7 

7 

4.8 

TOTAL 

141 

100.0 

147 

100.1 

Diversity 

Index  (H)a 

1.3 

1.3 

a  -  H  =  -  X  pi2  In  pi2,  where  pi  =  proportion  of  each  prey  item  in  the  total  sample 
(Pielou  1966). 
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False  Hellebore  ( Veratrum  woodii, 
Liliaceae)  Populations  in  Illinois 
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ABSTRACT 

False  hellebore,  a  course  perennial  lily,  has  a  very  limited  range  in  the  east-central  United 
States.  It  is  listed  as  threatened  in  Illinois  since  few  populations  are  known,  the  known 
populations  are  small,  and  few  flowering  and  fruiting  individuals  are  observed.  The 
structure  and  habitat  on  31  Illinois  populations  of  this  species  were  examined  over  a 
seven  year  period  from  1985  to  1992.  Population  size  varied  from  very  few  individuals  to 
nearly  400,  with  more  than  60%  of  the  populations  having  fewer  than  25  individuals. 
Most  of  the  populations  had  an  increase  in  individuals  during  the  seven  year  study. 
During  the  study  only  four  flowering  plants  were  observed,  two  of  which  set  fruit.  Most 
populations  were  on  relatively  steep,  moist,  wooded  hillsides,  though  the  largest 
populations  occurred  in  terrace  forests  at  the  base  of  steep  hillsides. 

Veratrum  woodii  Robbins,  is  a  tall,  course  perennial  from  a  stout,  vertical  underground 
stem  that  is  invested  by  the  fibrous  remnants  of  old  leaves.  The  basal  leaves  are  narrowly 
elliptic  to  broadly  oblanceolate,  parallel-veined,  to  40  cm  long,  and  to  1 1  cm  wide.  The 
infrequently  produced  flowering  stems  are  to  1.5  m  tall  with  alternate  leaves  that  are 
nearly  linear  and  greatly  reduced  in  length  and  width.  The  flowering  panicle  is  30-60  cm 
long,  slender,  with  the  short  lower  branches  bearing  mostly  staminate  flowers,  while  the 
central  and  upper  branches  bear  perfect  flowers.  The  perianth  segments  are  entire,  vary 
from  greenish-purple  to  dark  maroon,  are  oblanceolate,  narrowed  at  the  base,  and  obtuse  to 
subacute  at  the  apex.  The  few-seeded  capsule  is  20-25  mm  long.  This  species,  as  well  as 
many  others  in  the  genus,  contain  alkaloids  and  other  compounds  that  have  been  used 
medically  for  hundreds  of  years  (Kupchan  et  al.  1961). 

False  hellebore,  which  occurs  in  terrace  forests  and  on  moist  wooded  hillsides,  is 
presently  known  from  only  a  few  states  (Ohio,  Indiana,  Illinois,  Iowa,  Kentucky, 
Missouri,  Oklahoma  and  northern  Florida),  and  is  apparently  not  abundant  anywhere 
(Femald  1950,  Kupchan  et  al.  1961,  Mohlenbrock  1970,  Clewell  1985).  In  Illinois,  it  is 
mostly  restricted  to  the  central  counties.  The  first  known  collection  in  Illinois  was  made 
by  S.  B.  Mead  in  Hancock  County  in  1843  (Kibbe  1952).  It  was  reported  for  Madison 
County  by  McDonald  (1892),  and  later  in  Adams  County  (Jones  and  Fuller  1955,  Henry 
1978).  Jones  and  Fuller  (1955)  recorded  it  for  eight  counties  (Adams,  Coles, 
Cumberland,  Effingham,  Hancock,  Madison,  McLean,  Vermilion),  and  in  an  updating  of 
this  work  by  Winterring er  and  Evers  (1960)  the  same  eight  counties  were  listed.  More 
recently  this  species  has  been  reported  from  Clark  County  (Hellinga  and  Ebinger  1970), 
Crawford  and  Edgar  Counties  (Mohlenbrock  and  Ladd  1978),  Fayette  County  (Shildneck 
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et  al.  1981),  and  Shelby  County  (Herkert  1991),  bringing  the  total  number  of  county 
records  to  13. 

This  species  is  presently  listed  as  threatened  in  Illinois  (Herkert  1991)  since  relatively  few 
populations  are  known,  the  populations  generally  have  only  a  few  individuals  (less  than 
50),  and  the  individuals  rarely  flower.  The  present  study  was  undertaken  to  determine  the 
structure  of  a  number  of  populations  of  the  species,  determine  the  extent  of  flowering,  to 
record  changes  in  population  structure  over  the  past  seven  years,  and  to  examine  the 
habitat  in  which  this  species  occurs  in  Illinois. 

MATERIALS  AND  METHODS 

During  the  present  study,  31  populations  of  Veratrum  woodii  were  examined.  Twenty 
three  of  these  populations  were  first  studied  in  1985,  while  others  were  found  more 
recently.  Most  populations  were  originally  located  by  examining  herbarium  specimens 
from  most  state  herbaria  (EIU,  ILL,  ILLS,  ISM,  MWI,  SIU),  consulting  literature 
sources,  and  contacting  many  of  the  state's  field  botanists.  For  the  sites  first  studied  in 
1985,  the  general  characteristics  of  the  habitat  were  recorded,  including  the  degree  of 
slope,  tree  species  present  along  with  their  densities  (#/ha)  and  average  diameters,  the 
extent  of  the  woody  understory,  the  herbaceous  species  associated  with  the  false  hellebore 
population,  and  an  estimate  of  the  herbaceous  cover.  Also,  the  number  of  false  hellebore 
individuals  found  was  recorded.  The  overstory  characteristics  were  determined  by 
delineating  a  quadrat  25  m  on  a  side  centered  over  the  false  hellebore  population.  All  trees 
greater  than  10  cm  dbh  were  identified  and  their  diameters  recorded. 

During  the  summer  of  1992  the  sites  examined  in  1985  were  visited  along  with  a  few 
found  more  recently.  An  accurate  count  of  the  false  hellebore  individuals  at  each  site  was 
made  by  searching  the  area  and  placing  red  marker  flags  next  to  each  plant  located.  In 
addition,  the  following  data  were  recorded: 

1.  a  list  of  the  herbaceous  species  present  at  each  site  (Mohlenbrock  1986),  and 

2.  the  number  of  leaves  on  each  Veratrum  woodii  plant,  the  extent  of 
clumping  (individuals  growing  within  2  cm  of  each  other  and  appearing  to  be 
coming  from  the  same  root  system),  the  number  of  flowering  individuals,  and  the 
total  number  of  juvenile  and  mature  individuals  (a  plant  was  considered  juvenile  if 
it  had  five  or  fewer  leaves  that  were  generally  narrower  and  shorter  than  those 
found  on  mature  plants). 

RESULTS  AND  DISCUSSION 

Structure  of  the  false  hellebore  populations 

Of  the  31  populations  studied,  most  (61%)  were  relatively  small,  containing  fewer  than 
25  individuals.  Of  the  remaining,  most  had  fewer  than  100  individuals,  but  three 
populations  (all  associated  with  terrace  forests)  contained  more  than  100  individuals,  one 
with  nearly  400  individuals  (Table  1). 

Of  the  23  populations  studied  in  1985  and  again  in  1992,  15  increased  in  size,  five 
decreased  slightly,  and  three  remained  the  same  (Table  1).  Some  of  this  increase, 
particularly  in  the  larger  populations,  may  be  due  to  better  survey  techniques,  but  even  in 
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small  populations  in  which  individuals  had  been  mapped,  new  individuals  were  recorded. 
Some  of  this  increase  was  due  to  the  increased  number  of  juveniles  that  were  clumped 
with  mature  individuals. 

Within  most  populations  juveniles  were  relatively  common,  accounting  for  up  to  half  of 
the  individuals  present  on  the  site  (Table  1).  In  many  instances  these  juveniles  were 
clumped,  with  2-7  individuals  growing  together  (less  than  2  cm  apart).  These  clumped 
individuals  appeared  to  be  off-shoots  from  the  vertical  underground  stem  of  a  mature 
individual,  but  no  physical  connection  could  be  found  in  the  five  clumps  examined.  As  a 
result,  these  are  probably  genetically  different  individuals,  and  not  the  result  of  asexual 
reproduction.  The  extent  of  clumping  (%)  was  recorded  for  each  population,  as  was  the 
number  of  individuals  per  clump  during  the  1992  survey  (Table  1). 

No  information  is  available  concerning  the  longevity  of  false  hellebore  individuals, 
however,  populations  of  this  species  appear  to  survive  for  extended  periods  of  time  if  the 
habitat  is  not  altered  greatly.  This  is  indicated  by  the  fact  that  some  of  the  populations 
were  first  collected  (or  reported)  between  40  and  50  years  ago  (Table  1).  Also,  most  of 
the  marked  and  mapped  individuals  from  the  1985  study  were  relocated,  indicating  that 
these  individuals  were  at  least  seven  years  old. 

Flowering  of  false  hellebore  individuals 

All  indications  suggest  this  perennial  species  rarely  flowers  since  most  of  the  populations 
examined  lacked  flowering  specimens.  During  the  1985  survey,  two  flowering 
individuals  were  found  and  two  others  had  current  year  flower  stalks  that  had  been  broken 
(or  eaten).  No  flowering  specimens  were  observed  during  the  summer  or  fall  of  1992. 
Also,  most  of  the  populations  that  were  first  examined  in  1985  were  visited  at  least  once 
or  twice  between  1985  and  1991,  and  rarely  were  flowering  or  fruiting  plants  observed.  If 
these  results  are  typical,  the  rarity  of  flowers  may  greatly  limit  successful  pollination  and 
seed  production  and  few  new  individuals  will  be  recruited  into  the  population. 
Schwegman  (1990,  1992)  obtained  similar  results  in  a  continuing  study  of  a  marked 
population  in  central  Illinois. 

Habit  of  the  false  hellebore  sites 

At  the  majority  of  the  sites,  false  hellebore  populations  were  growing  on  a  relatively 
steep  N-  to  NE-facing  hillsides  that  had  a  slope  of  10  to  30  (40)  degrees.  Though  most 
populations  were  associated  with  N-facing  hillsides,  some  were  located  on  E-or  W-facing 
hillsides,  and  rarely  on  S-facing  slopes.  At  a  few  sites,  the  populations  were  on  nearly 
level  terraces  at  the  base  of  steep  hillsides. 

Woodv  overstorv  and  understorv  of  the  false  hellebore  sites 

At  the  false  hellebore  sites,  the  woody  overstory  was  dominated  by  species  typically 
associated  with  mesic  hillside  and  terrace  forests,  and  had  a  cover  of  85-95%.  On  the 
steep  hillsides  the  most  common  overstory  species  was  usually  Acer  saccharum  Marsh, 
(sugar  maple),  followed  by  Quercus  rubra  L.  (red  oak),  Carya  cordiformis  (Wang.)  K. 
Koch  (bitternut  hickory),  and  Quercus  alba  L.  (white  oak).  The  populations  located  on 
terraces  at  the  base  of  steep  slopes  had  an  overstory  dominated  by  sugar  maple,  Ulmus 
rubra  Muhl.  (slippery  elm),  U.  americana  L.  (American  elm),  Fraxinus  pennsylvanica 
Marsh,  (green  ash),  and  bitternut  hickory.  Some  site  were  dominated  by  relatively  large 
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trees  with  average  densities  of  208  to  304  #/ha  and  average  diameters  of  24  to  34  cm 
while  other  sites  were  dominated  by  many  small  trees  with  average  densities  of  497-655 
#/ha  and  average  diameters  of  19-22  cm  (Table  1). 

At  most  sites  very  few  woody  understory  individuals  were  present,  and  the  sites  were  very 
open  and  park-like  under  the  tree  canopy.  Generally  a  few  seedlings  and  saplings  of  the 
overstory  species  were  present  along  with  occasional  individuals  of  Staphylea  trifolia  L. 
(bladdemut),  Hydrangea  arbor escens  L.  (hydrangea),  Corylus  americana  Walt,  (hazelnut), 
Viburnum  prunifolium  L.  (black  haw),  and  in  the  terrace  forests,  Asimina  triloba  (L.) 
Dunal  (pawpaw). 

Herbaceous  plants  associated  with  the  false  hellebore  populations 

The  herbaceous  cover  in  the  false  hellebore  populations  was  highly  variable,  ranging  from 
as  low  as  15%  to  nearly  100%.  In  general,  the  cover  was  greater  than  40%,  and  species 
richness  was  extremely  high  with  more  than  120  species  found  in  association.  All  were 
common  woodland  species  typically  found  on  mesic  hillside  forest  communities  of  central 
Illinois.  The  common  species  encountered  are  listed  in  Table  2. 
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Table  1:  Structure  of  the  Veratrum  woodii  Robins,  populations  examined  in  1985  and 
1992,  and  the  density  (#/ha)  and  average  diameter  (cm)  of  the  woody  overstory 
recorded  for  the  sites  examined  in  1985. 


County 
and  Site1 

Year 

First 

Report2 

1985 
#  of 
Ind. 

1992 
#  of 

Ind. 

Leaves/ 

Plant 

Clump¬ 

ing 

% 

Avg.  # 
Ind./ 
Clump 

Overstory 
Dens-  Av. 

ity  Diam. 
(#/ha)  (cm) 

Clark  #1 

1967 

5 

6 

(2)3 

6.0 

0 

— 

225 

30 

Coles  #1 

1985 

3 

8 

(1) 

7.1 

0 

— 

257 

31 

#2 

1946 

1 

1 

(0) 

7.0 

0 

— 

561 

19 

#3 

1946 

22 

19 

(2) 

7.9 

0 

— 

272 

31 

#4 

1946 

326 

399 

(142) 

6.2 

29 

2.7 

321 

23 

#5 

1946 

43 

56 

(19) 

6.2 

16 

2.3 

368 

26 

#6 

1946 

28 

64 

(17) 

6.4 

9 

2.0 

593 

21 

#7 

1951 

16 

30 

(8) 

6.2 

6 

2.0 

383 

19 

#8 

1985 

2 

12 

(0) 

7.6 

0 

— 

271 

34 

#9 

1992 

— 

187 

(81) 

5.7 

13 

2.0 

— 

— 

#10 

1986 

— 

5 

(3) 

5.2 

100 

2.5 

— 

— 

#11 

1988 

— 

10 

(6) 

5.3 

20 

2.0 

— 

— 

Crawford  #1 

1972 

35 

44 

(17) 

5.7 

34 

2.5 

400 

22 

#2 

1972 

5 

11 

(3) 

5.6 

73 

2.0 

321 

22 

Cumberland  #1 

1950 

4 

4 

(2) 

5.3 

0 

— 

303 

33 

#2 

1983 

5 

3 

(0) 

6.0 

0 

— 

208 

29 

Edgar  #1 

1951 

18 

20 

(6) 

7.1 

70 

2.8 

257 

27 

Effingham  #1 

1951 

22 

25 

(9) 

6.0 

0 

— 

289 

24 

#2 

1980 

27 

17 

(11) 

4.6 

0 

— 

361 

22 

#3 

1992 

— 

22 

(10) 

5.5 

50 

3.7 

— 

— 

#4 

1992 

— 

64 

(43) 

4.8 

6 

2.0 

— 

— 

#5 

1992 

— 

10 

(3) 

6.2 

30 

3.0 

— 

— 

#6 

1992 

— 

6 

(3) 

6.2 

33 

2.0 

— 

— 

Fayette  #1 

1980 

81 

94 

(53) 

5.3 

26 

2.7 

304 

25 

#2 

1973 

14 

9 

(6) 

4.7 

0 

— 

351 

24 

#3 

1985 

15 

12 

(2) 

6.4 

16 

2.0 

304 

32 

#4 

1980 

31 

39 

(22) 

5.3 

56 

2.8 

593 

21 

#5 

1992 

— 

12 

(6) 

5.2 

0 

— 

— 

— 

McLean  #1 

1951 

11 

11 

(2) 

6.5 

0 

— 

321 

26 

Shelby  #1 

1985 

14 

16 

(8) 

5.6 

38 

2.3 

497 

21 

#2 

1985 

146 

161 

(69) 

5.6 

33 

2.8 

655 

21 

1  Exact  site  locations  are  available  on  request. 

2  Based  on  herbarium  records,  literature,  or  field  observations. 

3  Number  of  juvenile  individuals  observed. 
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Table  2.  Plant  species  commonly  assoicated  with  Veratrum  woodii  Robins,  populations 
at  20  sites  examined  during  the  summer  of  1992.  The  number  to  the  left 
indicates  the  total  sites  at  which  the  species  was  found.  Species  found  at  fewer 
than  four  sites  are  not  listed. 


7  Actaea  pachypoda  Ell. 

7  Arisaema  triphyllum  (L.)  Schott. 

13  Asarum  canadense  L. 

1 1  Aster  shortii  Lindl. 

6  Botrychium  virginianum  (L.)  Sw. 

8  Brachyelytrum  erectum  (Schreb.)  Beauv. 

6  Campanula  americatia  L. 

4  Carrex  albursina  Sheldon 

14  Carex  artitecta  Mack. 

1 1  Carex  blanda  Dewey 

6  Circaea  lutetiana  Aschers.  &  Magnus. 

6  Cryptotaenia  canadensis  (L.)  DC. 

14  Cystopteris  protrusa  (Weatherby)  Blasd. 

4  Elymus  hystrix  L. 

4  Elymus  virginicus  L. 

5  Festuca  obtusa  Bieler 

12  Galium  aparine  L. 

5  Galium  circaezans  Michx. 

8  Galium  concinnum  Torr.  &  Gray 
1 1  Geranium  maculatum  L. 

8  Geum  canadense  Jacq. 

10  Heptica  nobilis  Mill. 

4  Hydrophyllum  virginianum  L. 

8  Laportea  canadensis  (L.)  Wedd. 

9  Osmorhiza  claytonii  (Michx.)  Clarke 
17  Phlox  divaricata  L. 

5  Phryma  leptostachya  L. 

6  Pilea  pumila  (L.)  Gray 
9  Poa  sylvestris  Gray 

8  Podophyllum  peltatum  L. 

4  Polygonatum  commutatum  (Schult.)  A.  Dietr. 

9  Polygonum  virginianum  L. 

11  Polystichum  acrostichoides  (Michx.)  Schott. 

7  Sanguinaria  canadensis  L. 

12  Sanicula  gregaria  Bickn. 

8  Smilacina  racemosa  (L.)  Desf. 

8  Solidago  caesia  L. 

5  Thalictrum  dioicum  L. 

8  Tradescantia  subaspera  Ker. 

4  Trillium  recurvatum  Beck. 

13  Uvularia  grandiflora  Sm. 

4  Viola  sororia  Willd. 
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ABSTRACT 

Seven  plant  communities  in  the  northern  section  of  Bluff  Spring  Fen  Nature  Preserve, 
Cook  County,  Illinois  were  quantitatively  analyzed.  Importance  values  for  the  taxa 
sampled  were  determined  using  frequency  and  cover  data  collected  via  a  random  plot 
sampling  method.  The  low  shrub  fen  and  graminoid  fen  are  dominated  by  Care x  stricta 
and  Solidago  ohioensis.  Carex  stricta  is  also  a  dominant  in  the  wet-mesic  prairie  and 
sedge  meadow.  The  dominants  of  the  calcareous  seep  are  Eleocharis  rostellata  and 
Potentilla  fruticosa.  Typha  latifolia ,  Carex  stricta ,  and  Solidago  patula  are  the  three  most 
important  plants  of  the  Typha-Carex  community,  while  the  dry  gravel  prairie  is 
dominated  by  Schizachyrium  scoparium. 

All  communities  were  compared  using  Sorensen  coefficients  of  similarity,  community 
structure  analysis,  and  cluster  analysis.  These  comparisons  indicate  that  the  management 
areas,  calcareous  seep,  and  dry  gravel  prairie  are  distinct  from  each  of  the  other 
communities.  The  comparisons  also  indicate  that  the  remaining  wetland  communities  - 
low  shrub  fen,  graminoid  fen,  sedge  meadow,  Typha-Carex  community,  wet-mesic  prairie 
-  are  quite  similar. 


INTRODUCTION 

Bluff  Spring  Fen  Nature  Preserve  is  located  in  Hanover  Township,  Cook  County, 
Illinois.  Management  areas  and  eight  plant  communities  in  the  preserve  were  described  by 
Stoynoff  and  Hess  (1986).  The  communities  included  graminoid  fen,  low  shrub  fen, 
calcareous  seep,  wet-mesic  prairie,  sedge  meadow,  dry  gravel  prairie,  shrub  community, 
and  Typha-Carex  community.  White  (1978)  was  used  as  a  guide  for  community 
classification,  with  the  shrub  and  Typha-Carex  communities  being  notable  exceptions. 

Of  the  396  taxa  reported  five  are  endangered  and  four  are  threatened  species  in  Illinois 
(Hess  and  Stoynoff,  1989).  Since  the  original  checklist  was  compiled,  Helianthus 
giganteus  has  been  collected  from  the  study  area  (Karnes  and  Nuzzo  s.n.)  raising  the 
number  of  endangered  taxa  (Herkert,  1991)  to  six.  Aerial  photographs  indicate  that  prior 
to  the  commencement  of  management  efforts  considerable  succession  from  herbaceous  to 
woody  cover  occurred  (Stoynoff  and  Hess,  1986).  In  recent  years  extensive  management 
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efforts  in  the  form  of  controlled  burns  and  selective  cutting  have  been  used  in  an  attempt 
to  reduce  the  abundance  of  woody  taxa. 

This  report  documents  the  vegetation  of  each  community  through  the  use  of  importance 
values  and  compares  communities  using  three  different  methods.  These  baseline  data  may 
be  used  to  study  the  vegetational  changes  with  time  and/or  compare  this  study  area  with 
others. 


METHODS 

In  order  to  maximize  sampling  within  each  community  using  a  minimum  number  of 
transects  a  stratified  random  sampling  method  was  used.  The  study  area  was  divided  into 
five  equal  sections  and  a  transect  was  randomly  positioned  in  each  (Fig.  1).  Data  were 
collected  during  a  three  week  period  in  August  and  September,  1986.  Sufficiency  of 
sampling  was  determined  using  species-area  curves  (Brower  and  Zar,  1984)  and  resulted  in 
data  collection  along  six  additional  transects  through  communities  insufficiently  sampled 
(i.e.,  11  transects  total).  Data  were  collected  along  these  additional  transects  during 
August  and  September,  1987.  No  interfering  management  activities  occurred  within  the 
sampled  areas  during  the  course  of  data  gathering  or  between  times  of  sampling. 

Quarter  meter  squared  (1/2  m  x  1/2  m)  plots  were  placed  along  each  transect  at  alternate 
meters  (1,  3,  5,  etc.).  The  identity  of  each  vascular  plant  present  was  recorded  along  with 
its  percent  cover  as  estimated  by  viewing  from  above.  The  community  each  plot 
represented  was  determined  according  to  the  dominant  and  associated  vegetation  within  the 
plot  and  the  community  descriptions  of  Hess  and  Stoynoff  (1986).  The  vegetation  was 
sampled  in  a  total  of  464  plots,  with  the  number  sampled  per  community  being  as 
follows:  low  shrub  fen  =  31,  graminoid  fen  =  40,  calcareous  seep  =  49,  wet-mesic  prairie 
=  54,  Typha-Carex  community  =  39,  sedge  meadow  =  33,  dry  gravel  prairie  =  30, 
management  areas  =188. 

For  each  taxon,  absolute  and  relative  frequency  and  coverage  values  were  calculated 
(Brower  and  Zar,  1984).  Importance  values  reported  are  the  sum  of  the  relative  coverage 
and  frequency  values.  Only  vascular  plant  taxa  with  importance  values  of  2.0  or  greater 
are  presented  here,  therefore  importance  values  do  not  sum  to  200. 

The  communities  were  compared  using  Sorensen  coefficients  of  community  similarity 
(Barbour,  Burk,  and  Pitts,  1980)  and  these  values  vary  between  zero  and  one.  As 
coefficients  increase  a  greater  degree  of  community  similarity  is  indicated.  The  formula 
used  is  given  below. 

Similarity  =  (2C)  /  (A  +  B) 

where: 

A  =  total  of  importance  values  for  all  species  in  community  "A" 

B  =  total  of  importance  values  for  all  species  in  community  "B" 

C  =  total  of  importance  values  for  species  common  to  communities  "A"  and  "B" 
using  the  lower  importance  value  for  each  species 
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The  community  structure  (i.e.,  the  make  up  of  each  community  according  to  the 
importance  of  each  life  form)  was  analyzed  by  categorizing  each  taxon  as  being  a  woody 
plant,  a  forb,  or  a  graminoid  (grasses,  sedges,  and  rushes).  The  importance  values  for  each 
of  the  three  life  forms  were  totaled  and  plotted  along  with  a  richness  value.  Richness  is 
the  total  number  of  plant  taxa  sampled  within  a  community  (Ludwig,  1988).  A  single 
linkage  cluster  analysis  was  completed  using  the  importance  values  and  the  results  are 
presented  in  a  three-dimensional  scatter  plot.  The  analysis  and  scatter  plot  were  completed 
using  the  SYSTAT  statistics  package  (Wilkinson,  1990a)  and  the  SYGRAPH  graphics 
package  (Wilkinson,  1990b)  respectively. 

RESULTS  AND  DISCUSSION 


Fen  Communities 

Low  shrub  fen  and  graminoid  fen  were  sampled  and  the  data  for  them  are  presented  in 
Tables  1  and  2,  respectively.  The  low  shrub  fen  is  dominated  by  Carex  stricta ,  Solidago 
ohioensis ,  Atidropogon  gerardii ,  and  Potentilla  fruticosa.  Carex  stricta  and  Solidago 
ohioensis  dominate  the  graminoid  fen. 

At  the  time  the  communities  were  mapped  (Stoynoff  and  Hess,  1986)  Potentilla  fruticosa 
was  judged  to  be  a  common  and  locally  dominant  constituent  of  the  low  shrub  fen.  The 
data  in  Table  1,  however,  point  out  that  when  sampling  occurred  these  areas  were 
dominated  by  herbaceous  taxa  and  not  shrubs.  A  possible  explanation  for  this  apparent 
change  follows. 

Stares  (1962)  reported  that  Potentilla  fruticosa  and  other  woody  taxa  appeared  to  be 
invading  Cabin  Creek  Raised  Fen  due  to  the  lack  of  fire  and  Curtis  (1959)  indicated  that 
fire  was  needed  to  maintain  fens  and  prevent  their  development  into  shrub-carr.  According 
to  Wilhelm  (1978)  without  the  appropriate  fire  regime,  shrubby  taxa  would  continue  their 
invasion  of  Ferson's  Creek  Fen.  According  to  Kohring  (1982)  the  fall  season  coverage  of 
Potentilla  fruticosa  decreased  following  fire  in  Bakertown  Fen.  White  (1978)  suggested 
that  creeks  may  act  as  natural  fire  breaks  in  low  shrub  fens  and  protect  Potentilla  fruticosa 
from  fire. 

The  coverage  of  Potentilla  fruticosa  in  the  low  shrub  fen  at  Bluff  Spring  has  diminished 
with  time  (pers.  obs.).  In  light  of  the  work  mentioned  above,  it  is  likely  that  the  decline 
of  Potentilla  fruticosa  has  been  in  response  to  fire,  but  no  pre-burn  and  post-bum  data  are 
available  for  documentation. 

Calcareous  Seep 

The  calcareous  seep  community  is  dominated  by  E leocharis  rostellata ,  which  is  threatened 
in  Illinois  (Herkert,  1991),  and  Potentilla  fruticosa  (Table  3).  Moran  (1981)  also  found 
those  two  taxa  to  be  dominants  in  this  community  at  Bluff  Spring  Fen  along  with 
Deschampsia  cespitosa  and  Rhyncospora  capillacea. 

This  community  is  characterized  by  sparse  to  patchy  ground  cover  and  numerous  springs 
and  flows  that  maintain  the  soil  in  a  water  saturated  condition.  As  White  (1978)  suggested 
for  low  shrub  and  forested  fens,  shrubby  cinquefoil  is  probably  dominant  in  the  calcareous 
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seep  at  Bluff  Spring,  because  the  numerous  springs  and  flows  act  as  natural  barriers  to 
fire. 

Wet-mesic  Prairie 

Stoynoff  and  Hess  (1986)  described  this  community  as  being  dominated  by  Andropogon 
gerardii,  Sorghastrum  nutans ,  and  Silphium  integrifolium,  with  Carex  stricta  and  other 
taxa  as  associates.  A  more  accurate  description  is  that  Carex  stricta ,  Silphium 
perfoliatum ,  and  Cornus  foemina  are  three  dominant  taxa  and  the  three  other  species 
mentioned  are  conspicuous  associates  (Table  4). 

The  areas  here  designated  as  wet-mesic  prairie  were  mapped  as  graminoid  fen  by  Madany 
et  al.  (1977)  in  a  report  for  the  Illinois  Natural  Areas  Survey.  Here  (Fig.  1)  much  of  the 
wet-mesic  prairie  is  mapped  adjacent  to,  but  segregated  from,  graminoid  fen  and  sedge 
meadow. 

Typha-Carex  Community 

This  community,  dominated  by  Typha  latifolia  and  Carex  stricta  (Table  5),  is  most 
common  along  the  borders  of  creeks.  It  most  closely  resembles  White's  (1978)  marsh 
community. 

Apfelbaum  (1985)  stated  that  periodic  fires  will  not  extirpate  Typha ,  but  may  weaken  a 
population.  He  indicated  that,  when  fire  is  used  as  a  control  measure,  consistent  use  of 
spring  and  fall  burns  should  reduce  cattail  populations  and  promote  the  regrowth  of  other 
plants  represented  in  the  seed  bank. 

Typha  apparently  persists  at  Bluff  Spring  Fen,  because  its  rhizomes  remain  relatively 
undamaged  following  fire.  Also,  the  creeks  may  act  as  natural  barriers  and  prevent  fire 
from  reaching  some  segments  of  this  community,  as  White  (1978)  suggested  for  other 
communities. 

Sedge  Meadow 

Carex  stricta  is  by  far  the  most  important  species  in  this  community  (Table  6).  This  area 
is  poorly  drained  and  inundated  by  water  (at  least  in  part)  during  wet  periods.  In  spite  of 
the  relatively  poor  drainage  the  sedge  meadow  possesses  a  variety  of  forbs  almost  equal  to 
that  of  the  wet-mesic  prairie. 


Dry  Gravel  Prairie 

This  community  exists  only  on  the  slopes  of  the  two  gravel  kames  present  in  the  nature 
preserve  and  Schizachyrium  scoparium  and  Bouteloua  curtipendula  are  dominants  (Table 
7).  Eupatorium  altissimum  and  Poa  compressa  are  conspicuous  weeds  that  have  been  able 
to  survive  the  prescribed  burns  of  the  area.  It  seems  likely  that  at  least  the  latter  of  the 
two  will  persist  for  some  time  to  come,  as  it  has  been  observed  to  do  following  fire  in 
other  prairie  remnants  in  our  area  (Swink  and  Wilhelm,  1979). 
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Management  Areas 

For  the  purpose  of  this  report  the  shrub  community  (Stoynoff  and  Hess,  1986)  has  been 
treated  as  a  management  area,  because  a  great  deal  of  selective  cutting  and  herbicide 
application  have  occurred  there  (pers.  obs.).  Some  management  areas  are  populated  by 
dense  colonies  of  woody  taxa  like  Cornus  foemina ,  which  tends  to  survive  fire  and 
increase  in  open  habitats  (Swink  and  Wilhelm,  1979).  Herbaceous  taxa  like  Solidago 
altissima  and  Eupatorium  rugosum ,  that  are  common  to  disturbed  habitats  (Swink  and 
Wilhelm,  1979)  and  may  be  considered  weeds  at  Bluff  Spring,  are  local  dominants  (Table 
8).  Selective  cutting  and  seasonal  burning  have  extensively  reduced  areas  of  shrubby  cover 
and  have  improved  the  quality  of  the  preserve  as  a  whole. 

Community  Comparison 

From  a  structural  perspective  the  dry  gravel  prairie  and  calcareous  seep  are  similar  (Fig.  2) 
and  form  a  single  cluster  (Fig  .  3)  separate  from  all  other  communities.  The  degree  of 
similarity  indicated  shows  that  these  two  communities  are  alike  in  terms  of  richness  and 
the  overall  importance  of  woody  plants,  forbs,  and  graminoids.  However,  the  Sorensen 
coefficients  of  community  similarity  analysis  (Table  9)  takes  the  identity  and  importance 
of  individual  species  into  account  and  indicates  that  the  two  communities  are  distinct. 

The  Sorensen  coefficients  indicate  some  similarity  between  management  areas  and  both 
wet-mesic  prairie  and  sedge  meadow.  However,  because  management  areas  greatly  differ 
from  the  other  communities  in  terms  of  richness  and  the  importance  of  woody  taxa  and 
graminoids,  the  community  structure  and  cluster  analyses  (Figs.  2  &  3)  segregate  them 
from  all  other  communities. 

The  remaining  wetland  communities  -  low  shrub  fen,  graminoid  fen,  sedge  meadow, 
Typha-Carex  community,  wet-mesic  prairie  -  display  varying  degrees  of  similarity.  The 
community  structure  analysis  (Fig.  2)  shows  that  all  five  communities  differ  little  when 
richness  and  the  importance  of  woody  plants,  forbs,  and  graminoids  are  considered. 
Sorensen  coefficients  (Table  9)  contradict  this  by  indicating  that  the  two  fens  are  quite 
similar  (coefficient  of  similarity  =  0.7),  the  wet-mesic  prairie  and  sedge  meadow  have  a 
fairly  high  degree  of  similarity  (coefficient  of  similarity  =  0.57),  and  the  Typha-Carex 
community  is  distinct.  The  cluster  analysis  further  complicates  the  picture  by  clustering 
all  five  of  these  communities  in  a  single  group  as  shown  in  the  scatter  plot  (Fig.  3) . 

The  analyses  used  here  clearly  segregate  the  calcareous  seep,  dry  gravel  prairie,  and 
management  areas  as  distinct  entities.  However,  the  five  remaining  communities  present  a 
problem.  As  mentioned  above,  the  Sorensen's  coefficients  of  community  similarity 
analysis  indicated  that  perhaps  the  five  communities  could  be  reduced  to  three:  a  Typha- 
Carex  community,  a  fen  community  (created  by  merging  the  low  shrub  and  graminoid 
fens),  and  a  third  community  consisting  of  what  has  been  called  here  sedge  meadow  and 
wet-mesic  prairie.  However  the  community  structure  analysis  and  the  cluster  analysis 
indicate  that  all  five  communities  are  quite  similar.  Because  of  the  lack  of  agreement 
among  analyses,  all  five  have  been  left  as  the  distinct  communities  outlined  by  Stoynoff 
and  Hess  (1986). 
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Figure  1.  Vegetation  map  of  Bluff  Spring  Fen  Nature  Preserve  including  the 
approximate  position  of  transects  used  in  sampling.  Communities  shown: 
C,  calcareous  seep;  D,  dry  gravel  prairie;  G,  graminoid  fen;  L,  low  shrub  fen; 
M,  management  area;  O,  open  water;  S,  sedge  meadow;  T,  Typha-Carex 
community;  W,  wet-mesic  prairie;  DW,  disturbed  woodland. 
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Figure  2.  Histogram  showing  the  results  of  the  community  structure  analysis.  The 
vertical  scale  represents  the  total  number  of  species  sampled  for  richness  and 
the  total  of  the  importance  values  of  all  species  sampled  for  each  of  the  life 
forms.  [CS  =  calcareous  seep,  GF  =  graminoid  fen,  LSF  =  low  shrub  fen,  SM 
=  sedge  meadow,  TC  -Typha-Carex  community,  WMP  =  wet-mesic  prairie, 
MGMT  =  management  area] 
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Figure  3.  Three-dimensional  scatter  plot  presenting  the  results  of  the  cluster  analysis  of 
the  eight  communities  in  Bluff  Spring  Fen  Nature  Preserve.  [C  =  calcareous 
seep,  D  =  dry  gravel  prairie,  G  =  graminoid  fen,  L  =  low  shrub  fen,  S  =  sedge 
meadow,  T  =  Typha-Carex  community,  W  =  wet-mesic  prairie,  M  = 
management  area]  Axes  are  labeled  according  to  the  characteristic  represented, 
[wood  =  woody  plants,  gram  =  graminoids,  forb  =  forbs] 
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Table  1 .  Importance  values  for  the  vascular  plants  of  the  low  shrub  fen. 


Species 

Importance 

Value 

Relative 

Frequency 

Relative 

Cover 

Carex  stricta 

23.2 

7.5 

15.7 

Solidago  ohioensis 

22.4 

7.8 

14.6 

Andropogon  gerardii 

19.5 

5.7 

13.8 

Potentilla  fruticosa 

13.1 

4.6 

8.5 

Smilacina  stellata 

9.0 

5.7 

3.3 

Helianthus  grosseserratus 

8.4 

4.3 

4.1 

Aster  umbellatus 

8.2 

3.9 

4.3 

Rudbeckia  hirta 

6.9 

2.6 

4.3 

Solidago  patula 

6.8 

3.2 

3.6 

Comas  foemina 

6.6 

3.2 

3.4 

Sorghastrum  nutans 

6.6 

3.2 

3.4 

Scirpus  acutus 

6.5 

6.0 

0.5 

Silphium  terebinthinaceum 

6.6 

3.6 

3.0 

Liatris  pycnostachya 

6.2 

3.6 

2.6 

Muhlenbergia  glomerata 

5.6 

3.6 

2.0 

Schizachyrium  scoparium 

3.4 

1.4 

2.0 

Galium  boreale 

3.5 

1.8 

1.7 

Lycopus  americanus 

3.2 

2.8 

0.4 

Senecio  aureus 

3.2 

2.1 

1.1 

Pycnanthemum  virginianum 

2.8 

1.4 

1.4 

Solidago  altissima 

2.7 

1.4 

1.3 

Valeriana  edulis 

2.4 

1.4 

1.0 
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Table  2.  Importance  values  for  the  vascular  plants  of  the  graminoid  fen. 


Species 

Importance 

Value 

Relative 

Frequency 

Relative 

Cover 

Car  ex  stricta 

26.0 

9.7 

16.3 

Solidago  ohioensis 

21.5 

7.9 

13.6 

Smilicina  stellata 

9.9 

5.2 

4.7 

Valeriana  edulis 

9.8 

3.3 

6.5 

Potentilla  fruticosa 

9.2 

4.6 

4.6 

Rudbeckia  hirta 

7.6 

5.2 

2.4 

Sorghastrum  nutans 

7.4 

2.4 

5.0 

Pycnanthemum  virginianum 

6.3 

3.0 

3.3 

Silphium  terebinthinacium 

6.0 

2.4 

3.6 

Aster  umbellatus 

5.9 

3.0 

2.9 

Schizachyrium  scoparium 

5.7 

1.5 

4.2 

Lycopus  americanus 

5.7 

4.6 

1.1 

Solidago  patula 

5.4 

2.7 

2.7 

Spartina  pectinata 

5.0 

2.4 

2.6 

Senecia  aureus 

4.4 

2.4 

2.0 

Monarda  fistulosa 

4.2 

1.8 

2.4 

Liatris  pynostachya 

3.8 

2.7 

1.1 

Muhlenbergia  glomerata 

3.7 

2.7 

1.0 

Andropogon  gerardii 

3.6 

1.2 

2.4 

Aster  novae-angliae 

3.5 

1.2 

2.3 

Helianthus  grosseserratus 

3.4 

2.1 

1.3 

Galium  boreale 

3.2 

2.7 

0.5 

Eupatorium  maculatum 

2.6 

1.5 

1.1 

Comandra  richardsiana 

2.5 

1.8 

0.7 

Eleocharis  rostellata 

2.5 

0.6 

1.9 

Scirpus  acutus 

2.4 

1.8 

0.6 

Aster  puniceus 

2.4 

1.2 

1.2 

Muhlenbergia  mexicana 

2.4 

1.8 

0.6 
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Table  3.  Importance  values  for  the  vascular  plants  of  the  calcareous  seep. 


Species 

Importance 

Value 

Relative 

Frequency 

Relative 

Cover 

Car  ex  stricta 

10.6 

5.0 

5.6 

Deschampsia  cespitosa 

9.1 

4.6 

4.5 

Rhyncospora  capillacea 

8.7 

4.6 

4.1 

Lobelia  kalmii 

8.3 

7.7 

0.6 

Sorghastrum  nutans 

7.0 

2.3 

4.7 

Silphium  terebinthinaceum 

6.5 

3.9 

2.6 

Cladium  mariscoides 

6.4 

4.6 

1.8 

Solidago  uliginosa 

6.3 

4.6 

1.7 

Valeriana  edulis 

3.3 

1.9 

1.4 

Pamassia  glauca 

3.2 

2.3 

0.9 

Scleria  verticillata 

3.0 

1.5 

1.5 

Eleocharis  tenuis 

2.5 

1.9 

0.6 

June  us  brachycephalus 

2.4 

2.3 

0.1 

Carex  sterilis 

2.1 

1.6 

0.5 

Rudbeckia  hirta 

2.1 

1.2 

0.9 
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Table  4.  Importance  values  for  the  vascular  plants  of  the  wet-mesic  prairie. 


Species 

Importance 

Value 

Relative 

Frequency 

Relative 

Cover 

Carex  stricta 

35.3 

10.4 

24.9 

Silphium  perfoliatum 

12.7 

5.8 

6.9 

Comus  foemina 

10.5 

4.9 

5.6 

Solidago  altissima 

9.5 

5.6 

3.9 

Silphium  terebinthinaceum 

9.1 

3.0 

6.1 

Solidago  ohioensis 

7.8 

2.8 

5.0 

Aster  puniceus 

7.3 

3.5 

3.8 

Aster  umbellatus 

7.0 

3.5 

3.5 

Helianthus  grosseserratus 

6.9 

3.0 

3.9 

Spartina  pectinata 

5.4 

2.3 

3.1 

Lycopus  americanus 

5.2 

4.2 

1.0 

Muhlenbergia  mexicana 

4.9 

2.5 

2.4 

Eupatorium  maculatum 

4.4 

2.1 

2.3 

Pycnanthemum  virginianum 

4.3 

2.3 

2.0 

Viburnum  lentago 

4.3 

1.9 

2.4 

Solidago  gigantea 

3.9 

2.8 

1.1 

Smilacina  stellata 

3.8 

2.8 

1.0 

Silphium  integrifolium 

3.6 

1.9 

1.7 

Eupatorium  altissimum 

3.3 

1.6 

1.7 

Stachys  palustris 

3.0 

1.9 

1.1 

Senecio  aureus 

2.5 

1.2 

1.3 

Aster  firmus 

2.5 

1.6 

0.9 

Cirsium  muticum 

2.5 

1.2 

1.3 

Fragaria  virginiana 

2.1 

1.4 

0.7 

Rosa  sp. 

2.1 

1.6 

0.5 

Typha  latifolia 

2.1 

1.4 

0.7 

Apios  americana 

2.0 

0.9 

1.1 

Solidago  patula 

2.0 

0.9 

1.1 
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Table  5.  Importance  values  for  the  vascular  plants  of  the  Typha-Carex  community. 


Species 

Importance 

Value 

Relative 

Frequency 

Relative 

Cover 

Typha  latifolia 

36.2 

11.4 

24.8 

Carex  stricta 

23.4 

8.1 

15.3 

Solidago  patula 

18.6 

7.7 

10.9 

Salix  glaucophylloides 

11.4 

4.0 

7.4 

Carex  hystericina 

9.5 

7.0 

2.5 

Pedicularis  lanceolata 

8.9 

4.0 

4.9 

Aster  puniceus 

8.1 

4.0 

4.1 

Nasturtium  officinale 

6.9 

2.6 

4.3 

Impatiens  capensis 

6.0 

4.0 

2.0 

Eleocharis  smallii 

5.5 

4.0 

1.5 

Eupatorium  maculatum 

5.0 

3.3 

1.7 

Solidago  ohioensis 

4.8 

1.5 

3.3 

June  us  brachycephalus 

4.1 

2.9 

1.2 

Eupatorium  perfoliatum 

3.9 

2.9 

1.0 

Bidens  cemua 

3.6 

1.1 

2.5 

Juncus  nodosus 

3.5 

2.2 

1.3 

Caltha  palustris 

3.0 

2.2 

0.8 

Populus  deltoides 

2.0 

1.1 

0.9 

Senecio  aureus 

2.0 

1.1 

0.9 
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Table  6.  Importance  values  for  the  vascular  plants  of  the  sedge  meadow. 


Species 

Importance 

Value 

Relative 

Frequency 

Relative 

Cover 

Carex  stricta 

55.9 

14.8 

41.1 

Aster  puniceus 

17.6 

8.1 

9.5 

Eupatorium  maculatum 

10.8 

4.8 

6.0 

Solidago  patula 

9.2 

5.2 

4.0 

Solidago  altissima 

8.4 

5.7 

2.7 

Comus  foemina 

5.4 

2.4 

3.0 

Aster  firmus 

5.3 

2.4 

2.9 

Pycnanthemum  virginianum 

5.2 

3.3 

1.9 

Solidago  ohioensis 

5.0 

2.4 

2.6 

Amphicarpaea  bracteata 

4.3 

1.4 

2.9 

Populus  deltoides 

4.3 

2.4 

1.9 

Muhlenbergia  mexicana 

4.0 

2.9 

1.1 

Muhlenbergia  glomerata 

4.0 

2.9 

1.1 

Solidago  gigantea 

3.5 

2.4 

1.1 

Typha  latifolia 

3.0 

2.4 

0.6 

Senecio  aureus 

2.8 

1.4 

1.4 

Andropogon  gerardii 

2.7 

1.9 

0.8 

Salix  glaucophylloides 

2.5 

1.4 

1.1 

Helianthus  grosseserratus 

2.4 

1.4 

1.0 

Rudbeckia  hirta 

2.4 

1.9 

0.5 

Calamagrostis  canadensis 

2.3 

1.9 

0.4 

Valeriana  edulis 

2.2 

1.0 

1.2 

Monarda  fistulosa 

2.2 

1.9 

0.3 

Lycopus  americanus 

2.1 

1.9 

0.2 

Liatris  pycnostachya 

2.0 

1.4 

0.6 

Silphium  perfo liatum 

2.0 

1.0 

1.0 
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Table  7.  Importance  values  for  the  vascular  plants  of  the  dry  gravel  prairie. 


Species 

Importance 

Value 

Relative 

Frequency 

Relative 

Cover 

Schizachyrium  scoparium 

70.7 

15.1 

55.6 

Bouteloua  curtipendula 

14.2 

7.8 

6.4 

Eupatorium  altissimum 

11.7 

5.7 

6.0 

Poa  compressa 

10.6 

6.2 

4.4 

Verbena  stricta 

8.7 

6.2 

2.5 

Dichanthelium  oligosanthes 

8.0 

6.7 

1.3 

Sorghastrum  nutans 

7.4 

1.6 

5.8 

Potentilla  arguta 

6.1 

5.2 

0.9 

Asclepias  verticillata 

5.2 

4.7 

0.5 

Dalea  purpurea 

4.4 

3.1 

1.3 

Sporobolus  heterolepis 

4.4 

1.6 

2.8 

Ambrosia  artemisiifolia 

4.3 

4.2 

0.1 

Lobelia  spicata 

2.7 

2.6 

0.1 

Brickellia  eupatorioides 

2.6 

2.1 

0.5 

Solidago  nemoralis 

2.5 

2.1 

0.4 

Pycnanthemum  virginianum 

2.4 

1.6 

0.8 

Anemone  canadensis 

2.3 

2.1 

0.2 

Melilotus  alba 

2.1 

1.6 

0.5 

Comus  foemina 

2.0 

1.0 

1.0 
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Table  8.  Importance  values  for  the  vascular  plants  of  the  management  areas. 


Species 

Importance 

Value 

Relative 

Frequency 

Relative 

Cover 

Comus  foemina 

20.4 

6.7 

13.7 

Solidago  altissima 

13.5 

6.0 

7.5 

Rubus  occidentalis 

11.7 

4.9 

6.8 

Impatiens  capensis 

8.4 

3.8 

4.6 

Carex  stricta 

8.1 

4.3 

3.8 

Rhus  glabra 

6.1 

1.9 

4.2 

Eupatorium  rug o sum 

5.6 

2.6 

3.0 

Apocynum  canabinum 

4.9 

2.3 

2.6 

Vitis  riparia 

4.4 

2.1 

2.3 

Phragmites  australis 

4.4 

1.3 

3.1 

Arctium  minus 

4.3 

1.7 

2.6 

Solanum  dulcamara 

4.1 

2.7 

1.4 

Solidago  gigantea 

3.9 

1.9 

2.0 

Silphium  perfoliatum 

3.7 

1.2 

2.5 

Circaea  lutetiana 

3.7 

2.7 

1.0 

Eupatorium  maculatum 

3.4 

1.4 

2.0 

Salix  glaucophylloides 

3.0 

1.0 

2.0 

Aster  umbellatus 

2.6 

0.9 

1.7 

Rhamnus  frangula 

2.6 

1.1 

1.5 

Fragaria  virginiana 

2.6 

1.6 

1.0 

Cornus  amomum 

2.6 

0.7 

1.9 

Aster  firmus 

2.4 

1.6 

0.8 

Monarda  fistulosa 

2.2 

1.4 

0.8 

Viburnum  lentago 

2.2 

1.2 

1.0 

Apios  americana 

2.2 

1.4 

0.8 

Galium  boreale 

2.1 

1.7 

0.4 

Senecio  aureus 

2.0 

1.1 

0.9 
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Table  9.  Comparison  of  communities  using  Sorensen  coefficients  of  similarity. 
Communities  are  denoted  as  follows:  low  shrub  fen  =  LSF,  graminoid  fen  =  GF,  sedge 
meadow  =  SM,  wet  mesic  prairie  =  WMP,  calcareous  seep  =  CS,  Typha-Carex 
community  =  TC,  dry  gravel  prairie  =  DGP,  management  area  =  MGMT. 


LSF 

GF 

SM 

WMP 

CS 

TC 

DGP 


.27 


.25 


.35 


42 


12 


.20 


.70 


.43 


.46 


.38 


.27 


.45 


.49 


.39 


.29 


57 


19 

41 

05 


.20 

.32 

.07 


16 


.11 


.12 


.12 


05 


.02 


MGMT  LSF  GF  SM  WMP  CS  TC 
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ABSTRACT 

A  study  of  composition  and  density  of  woody  species  within  a  successional  old  field  and  a 
seeded  tallgrass  prairie  community  at  the  Eastern  Illinois  University  Environmental 
Biology  Area  was  conducted  in  the  spring  of  1988.  Woody  plant  invasion  exceeded 
16,500  stems/ha  in  the  seeded  tallgrass  prairie  and  over  6,500  stems/ha  in  the  old  field.  A 
number  of  alien  species,  including  autumn  olive  ( Elaeagnus  umbellata  Thunb.), 
multiflora  rose  ( Rosa  multiflora  Thunb.)  and  Siberian  elm  ( Ulmus  pumila  L.)  were 
present  in  relatively  high  numbers,  while  the  most  common  native  species  encountered 
were  poison  ivy  ( Toxicondendron  radicans  [L.]  Kuntze),  black  berry  ( Rubus  allegheniensis 
Porter),  and  dewberry  ( Rubus  flagellaris  L.). 

INTRODUCTION 

Since  the  beginning  of  the  latter  half  of  the  nineteenth  century  the  number  of  alien 
vascular  plant  species  in  the  United  States  has  increased  dramatically.  Henry  and  Scott 
(1980,  1981)  reported  that  all  alien  species  now  constitute  approximately  29%  of  the 
Illinois  flora,  while  woody  alien  species  are  13%  of  the  flora.  Several  alien  species, 
including  Amur  maple  ( Acer  ginnala  Maxim.),  Norway  maple  ( Acer  platanoides  L.),  red- 
osier  dogwood  ( Cornus  stolonifera  Michx.),  autumn  olive  ( Elaeagnus  umbellata  Thunb.), 
Japanese  honeysuckle  ( Lonicera  japonica  Thunb.),  multiflora  rose  ( Rosa  multiflora 
Thunb.),  and  Siberian  elm  ( Ulmus  pumila  L.)  were  observed  in  the  seeded  tallgrass  prairie 
and  old  field  at  the  Environmental  Area  on  the  east  edge  of  the  Eastern  Illinois  University 
campus.  Red-osier  dogwood  is  a  native  Illinois  species,  but  probably  not  to  the  prairie 
peninsula  region  of  east-central  Illinois,  while  the  others  are  all  introduced  Eurasian 
species. 

The  16  ha  EIU  Environmental  Biology  Area  was  established  in  1974,  having  been  in 
continuous  row  crop  agriculture  for  the  preceding  40  years  (Figure  1).  Prairie  soils  cover 
approximately  half  of  the  site  (seeded  with  tallgrasses)  while  the  remainder  is  covered  with 
forest  soils  and  was  allowed  to  reestablish  naturally  (old  field).  Autumn  olive,  red-osier 
dogwood,  and  Tatarian  honeysuckle  ( Lonicera  tatarica  L.)  were  planted  in  border  rows  and 
between  the  seeded  tallgrass  prairie  and  old  field  in  late  winter  1974  using  Illinois 
Department  of  Conservation  seedling  stocks.  The  prairie  community  was  planted  in  the 
spring  of  1974  from  Nebraska  seed  that  included:  big  bluestem  ( Andropogon  gerardii 
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Vitman),  indian  grass  ( Sorghastrum  nutans  [L.]  Nash),  switch  grass  ( Panicum  virgatum 
L.),  little  bluestem  ( Schizachyrium  scoparium  [Michx.j  Nash),  and  side-oats  grama 
(. Bouteloua  curtipendula  [Michx.]  Torr.).  The  seeded  tallgrass  community  was  burned  in 
the  spring  in  1984  and  1986,  while  the  adjacent  successional  old  field  has  had  no 
maintenance.  The  present  study  was  undertaken  to  document  the  density  and  distribution 
of  native  and  alien  woody  species  in  the  EIU  Environmental  Area. 

METHODS  AND  MATERIALS 

The  composition,  density  and  distribution  of  the  woody  species  were  determined  in  the 
spring  of  1988  using  25m  x  400m  (1  ha)  east-west  transects.  One  transect  was 
established  in  the  seeded  tallgrass  prairie  and  the  successional  old  field.  These  transects 
were  divided  into  50m  plots  with  the  50m  end  plots  of  each  transect  further  stratified  into 
smaller  subplots  (2.5m  x  50m).  The  subplots  were  created  and  sampled  separately  from 
the  remainder  of  the  transect' s  plots  due  to  the  high  density  of  woody  species  encountered 
there.  Half  of  these  smaller  subplots  within  each  end  plot  were  randomly  selected  and 
sampled.  These  end  plot  data  were  later  multiplied  by  the  appropriate  factor  to  fully 
account  for  all  woody  individuals  of  the  entire  area  of  the  end  plots.  The  east  end  of  each 
transect  bordered  a  mown  meadow  fescue  ( Festuca  pratensis  Huds.)  community  along 
Illinois  Route  130  while  the  entire  west  border  was  an  over-grown  fence  row.  Samplers 
included  ten  faculty  and  graduate  students  who  walked  each  transect  as  an  organized  line 
and  recorded  all  woody  individuals  encountered  within  each  persons  subtransect.  The 
individuals  of  each  species  were  divided  into  two  height  categories:  less  than  4dm  and 
more  than  4dm.  Each  sampler  had  a  4dm  lath  stick  for  these  sampling  determinations. 
All  individuals  of  the  genera  Lonicera ,  Rubus ,  Toxicodendron  and  Vitis  were  placed  in  the 
less  than  4dm  category.  Data  from  each  sampler  were  later  combined  to  form  the  whole 
data  set.  Nomenclature  follows  Molenbrock  (1986). 

RESULTS  AND  DISCUSSION 

The  woody  species  encountered,  along  with  their  general  distribution  and  density  (#/ha), 
are  listed  in  Tables  1  and  2.  The  highest  concentrations  of  woody  individuals  were  near 
east  and  west  borders  of  each  transect.  Most  species  showed  heavy  concentrations  at  one 
border  with  fewer  individuals  in  the  interior  of  the  transects.  The  location  of  a  seed  source 
has  been  shown  to  be  correlated  with  successional  rate  and  distribution  of  successional 
species  (Coile  1940,  McQuilken  1940,  Potzger  and  Potzger  1950,  and  Bazzaz  1963, 
1968). 

Of  the  alien  species  present  on  the  site,  multiflora  rose  and  Japanese  honeysuckle  have 
likely  invaded  from  an  over-grown  fence  row  on  the  west  border  of  the  site.  Autumn 
olive,  red-osier  dogwood,  multiflora  rose,  and  Japanese  honeysuckle  are  most  likely  spread 
by  animals,  particularly  birds,  because  of  their  edible  fruit.  Amur  maple,  Norway  maple 
and  Siberian  elm  are  wind  disseminated  species  that  probably  arrived  at  the  site  from  the 
EIU  campus  and  surrounding  residential  areas.  The  major  concern  with  all  alien  species 
has  been  that  they  replace  native  species  that  might  otherwise  occupy  a  site  (Bratton 
1982). 
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Of  the  native  species  encountered,  most  were  common  at  the  west  end  of  the  transects 
near  the  over-grown  fence  row.  In  the  seeded  tallgrass  prairie  community,  poison  ivy 
( Toxicodendron  radicans  [L.]  Kuntze)  was  very  common  at  both  edges  of  the  transect 
while  honey  locust  ( Gleditsia  triacanthos  L.),  red  mulberry  ( Morus  rubra  L.),  black  cherry 
(. Prunus  serotina  Ehrh..),  black  berry  ( Rubus  allegheniensis  Porter),  and  raspberry  ( Rubus 
occidentalis  L.)  were  common  in  and  near  the  fence  row  at  the  western  edge  of  the  transect 
(Table  1).  Similar  results  were  obtained  for  the  successional  old  field,  with  most  woody 
species  being  found  near  the  over-grown  fence  row  (Table  2).  Most  of  these  species  were 
likely  spread  by  birds  or  mammals,  though  some  have  wind  disseminated  seeds. 

If  the  presence  of  dense  populations  of  blackberry,  raspberry,  dewberry  ( Rubus  flagellaris 
L.)  and  poison  ivy  are  minimized;  the  data  indicate  that  the  prairie  grasses  and  the  two 
bums  have  rendered  the  seeded  tallgrass  prairie  community  relatively  more  resistant  to 
both  native  and  alien  woody  species  invasion  than  the  successional  old  field. 

The  size  class  (<4dm  and  >4dm  tall)  proportions  contributed  to  community  composition 
for  all  species  in  the  two  communities  were  compared  using  total  density  figures  (Tables 
1  and  2).  The  percentage  contribution  to  total  density  (PCTD)  by  size  class  (<4dm  or 
>4dm)  for  alien  or  native  species  =  size  class  density  for  community  type  (prairie  or  old 
field)  divided  by  total  community  type  (prairie  or  old  field)  density  (<4dm  +  >4dm)  x  100. 
PCTD  for  the  <4dm  size  class  in  the  prairie  area  was  95.3%  native  and  0.4%  alien 
species.  While  the  <4dm  size  class  PCTD  for  the  old  field  was  63.6%  native  and  1.6% 
alien  species.  The  prairie  >4dm  size  class  PCTD  was  3.4%  native  and  0.9%  alien 
species.  While  the  old  field  PCTD  for  >4dm  size  class  was  25.0%  native  and  9.8%  alien 
species.  Native  species  in  each  community  type  and  size  class  were  predominantly  the 
highest  contributors  to  community  composition.  Alien  species  contributions  to 
community  composition  indicated  successful  establishment  and  future  survival  potential 
especially  in  the  old  field. 

The  18  year  secondary  successional  history  of  this  site  would  place  it  in  a  mid- 
successional  serai  stage  where  there  is  less  emphasis  on  reproduction  and  greater  emphasis 
on  survival  of  the  more  mature  woody  vegetation.  The  ratio  of  native  woody  species 
reproduction  (<4dm  excluding  Lonicera ,  Rubus ,  Toxicodendron ,  and  Vitis)  to  more 
mature  woody  vegetation  (>4dm  all  species)  in  all  plots  of  each  transect  indicated  that  the 
>4dm  native  species  contributed  1.7  (prairie)  to  2.2  (old  field)  times  more  to  composition 
than  reproduction;  while  the  >4dm  alien  species  contribution  to  composition  was  2.5 
(prairie)  to  6.0  (old  field)  times  greater  than  reproduction.  Reproduction  data  seemed  to 
indicate  that  competition  within  the  mid-successional  serai  stage  was  keeping  the  alien 
woody  species  increase  somewhat  in  check.  Contribution  to  composition  by  native 
species  <4dm  (excluding  Lonicera ,  Rubus ,  Toxicodendron ,  and  Vitis)  for  all  transect  plots 
was  1.3  to  5.8  (prairie)  and  1.6  to  21.2  (old  field)  times  greater  than  alien  species 
reproduction.  This  trend  was  also  found  in  the  >4dm  vegetation;  where  native  species 
were  1.2  and  7.6  (prairie)  and  0.1  to  3.0  (old  field)  times  greater  contributors  to 
composition  than  alien  species.  An  exception  to  the  >4dm  trend  was  found  in  the  old 
field's  east  end  plot.  Conditions  a  number  of  years  ago  (within  the  18  year  successional 
period)  must  have  been  very  favorable  for  reproduction  of  certain  species  (ie.  red-osier 
dogwood  and  autumn  olive).  The  contribution  to  composition  by  alien  >4dm  in  this  end 
plot  was  8.6  times  greater  than  native  >4dm  vegetation.  The  intense  interspecific 
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competition  that  occurs  during  early  serai  stages  was  transcending  into  the  more  balanced 
competition  found  in  later  successional  stages  (Parrish  and  Bazzaz  1982);  and  it  would  be 
expected  that  the  trend  of  less  emphasis  on  reproduction  and  greater  emphasis  on  survival 
of  more  mature  vegetation  will  continue  into  the  future. 

These  data  also  seemed  to  indicate  that  the  burning  treatments  and  the  structure  and 
density  of  the  seeded  tallgrass  prairie  community  were  having  a  differential  effect  on  the 
resultant  composition.  When  the  data  for  alien  species  were  combined,  the  PCTD  was 
1.3%  (prairie)  and  11.4%  (old  field).  Therefore  the  PCTD  by  alien  species  in  the  prairie 
area  was  8.8  times  less  than  the  old  field.  A  very  different  result  was  obtained  if  the 
number  of  alien  species,  rather  than  density,  was  used  to  compute  composition  in  the  two 
communities.  The  percentage  of  alien  species  in  the  prairie  was  33.3%  and  old  field  was 
20.7%.  These  are  considerably  higher  than  the  13%  alien  species  for  the  whole  Illinois 
flora  reported  by  Henry  and  Scott  (1980,  1981).  This  indicates  that  there  were  1.6  times 
more  alien  species  actually  present  in  the  prairie.  While  there  were  slightly  greater 
numbers  of  alien  species  in  the  prairie's  composition,  the  density-composition  data 
indicated  that  the  old  field,  because  of  the  relatively  high  numbers  of  individuals  of  each 
alien  species,  will  likely  have  its  successional  pattern  much  more  influenced  by  these 
species.  However,  the  greater  proportion  of  the  alien  species  in  the  prairie  (count- 
composition  data)  indicated  that  this  community  will  continue  to  be  impacted  by  their 
presence.  These  data  indicated  that  native  and  alien  woody  species  invasion  and 
establishment  were  following  the  relatively  well  documented  trends  of  succession  and 
diversity  relationships  in  Illinois  (Bazzaz  1968,  Parrish  and  Bazzaz  1979,  1982).  These 
data  also  indicated  that  the  alien  woody  species  had  been  invading  this  site  in  relatively 
high  numbers.  Their  presence  (density-composition  data)  indicated  that  they  will  likely 
have  a  considerable  impact  on  future  successional  events  in  the  two  communities  at  this 
site.  As  Bratton  (1982)  pointed  out,  these  alien  species  have  occupied  habitats  of,  and  in 
effect  have  replaced,  the  native  species  that  would  otherwise  have  occupied  the  site.  Alien 
species  influences  on  future  successional  events  will  likely  be  considerable  because  they 
will  establish  competitive  relationships  with  current  native  species  and  future  invaders 
that  will  be  different  from  their  native  niche  counterparts. 
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Figure  1. 


Environmental  Area  at  Eastern  Illinois  University:  Autumn  Olive,  Bush 
Honeysuckle,  and  Red-osier  Dogwood  rows  were  planted  in  the  spring  of  1974 
as  was  the  Seeded  Tallgrass  Prairie  community.  Prairie  and  Old  Field  transects 
are  25m  x  400  m. 
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Table  1.  Density  (#/ha)  of  all  woody  species  encountered  in  the  seeded  tallgrass  prairie 
community  of  the  EIU  Environmental  Area.  All  individuals  of  the  genera 
Lonicera,  Rubus ,  Toxicodendron ,  and  Vitis  are  included  in  the  less  than  4  dm 
tall  category. 


Transect  Zone  0-50m  50-350m  350-450m  Totals/ha 


<4dm 

>4dm 

<4dm 

>4dm 

<4dm 

>4dm 

<4dm 

>4dm 

Native  Species 

Acer  negundo 

1 

5 

- 

- 

2 

- 

3 

5 

Acer  saccharinum 

4 

3 

2 

11 

6 

2 

12 

16 

Diospyros  virginiana 

- 

1 

- 

16 

- 

- 

- 

17 

Gleditsia  triacanthos 

- 

3 

1 

1 

289 

296 

290 

300 

Malus  ioensis 

- 

- 

1 

- 

5 

- 

6 

- 

Morns  rubra 

- 

- 

- 

5 

- 

62 

- 

67 

Populus  deltoides 

- 

- 

- 

4 

- 

- 

- 

4 

Prunus  serotina 

- 

11 

4 

1 

13 

125 

17 

137 

Rubus  allegheniensis 

7 

- 

65 

- 

3471 

- 

3543 

- 

Rubus  flagellaris 

7 

- 

4200 

- 

280 

- 

4487 

- 

Rubus  occidentalis 

- 

- 

- 

- 

511 

- 

511 

- 

Toxicodendron  radicans  4050 

- 

1 

- 

3073 

- 

7124 

- 

Ulmus  americana 

- 

- 

- 

- 

5 

27 

5 

27 

Vitus  spp. 

- 

- 

13 

- 

- 

- 

13 

- 

Totals 

4069 

23 

4287 

38 

7655 

512 

16011 

573 

Alien  Species 

Acer  ginnala 

- 

- 

- 

1 

- 

2 

- 

3 

Acer  platanoides 

1 

2 

- 

- 

- 

1 

1 

3 

Comus  stolonifera 

1 

- 

3 

- 

1 

38 

5 

38 

Elaeagnus  umbellata 

1 

17 

- 

1 

12 

12 

13 

30 

Lonicera  japonica 

- 

- 

- 

- 

11 

- 

11 

- 

Rosa  multiflora 

- 

- 

- 

2 

- 

75 

- 

77 

Ulmas  pumila 

- 

- 

- 

1 

31 

- 

31 

1 

Totals 

3 

19 

3 

5 

55 

128 

61 

152 

118 


Table  2.  Density  (#/ha)  of  all  woody  species  encountered  in  the  successional  old  field  of 
the  EIU  Environmental  Area.  All  individuals  of  the  genera  Lonicera ,  Rubus , 
Toxicodendron ,  and  Vitis  are  included  in  the  less  than  4  dm  tall  category. 


Transect  Zone 


0-50m 


50-350m 


350-450m 


Totals/ha 


<4dm  >4dm  <4dm  >4dm  <4dm  >4dm  <4dm  >4dm 


Native  Species 


Acer negundo 

- 

1 

- 

7 

- 

- 

- 

8 

Acer  saccharinum 

- 

3 

5 

10 

- 

4 

5 

17 

Crataegus  mollis 

- 

- 

- 

32 

64 

118 

64 

150 

Diospyros  virginiana 

- 

- 

- 

4 

- 

2 

- 

6 

Fraxinus  pensylvanica 

- 

- 

- 

- 

- 

3 

- 

3 

Gleditsia  triacanthos 

- 

- 

- 

- 

4 

158 

4 

158 

Juniperus  virginiana 

- 

- 

1 

3 

1 

- 

2 

3 

Malus  ioensis 

- 

1 

4 

10 

30 

6 

34 

17 

Morns  rubra 

- 

- 

- 

84 

2 

105 

2 

189 

Platanus  occidentalis 

- 

- 

- 

2 

- 

- 

- 

2 

Populus  deltoides 

- 

- 

1 

13 

- 

2 

1 

15 

Primus  americana 

- 

- 

- 

- 

- 

2 

- 

2 

Prunus  serotina 

- 

2 

44 

45 

38 

92 

82 

139 

Quercus  imbricaria 

- 

- 

- 

- 

- 

1 

- 

1 

Rosa  Carolina 

84 

- 

- 

- 

- 

- 

84 

- 

Rubus  allegheniensis 

97 

- 

776 

- 

276 

- 

1149 

- 

Rubus  flagellaris 

426 

- 

- 

- 

- 

- 

426 

- 

Rubus  occidentalis 

1 

- 

16 

- 

216 

- 

233 

- 

Sassafras  albidum 

- 

- 

- 

2 

- 

- 

- 

2 

Tilia  americana 

- 

- 

- 

15 

- 

- 

- 

15 

Toxicodendron  radicans 

38 

- 

9 

- 

1523 

- 

1571 

- 

Ulmus  americana 

- 

- 

20 

33 

440 

890 

460 

923 

Vitus  spp. 

7 

- 

37 

- 

29 

- 

73 

- 

Totals 

653 

7 

913 

260 

2623 

1383 

4189 

1650 

Alien  Species 

Acer  ginnala 

- 

- 

1 

3 

- 

- 

1 

3 

Comus  stolonifera 

33 

49 

29 

56 

26 

236 

88 

341 

Elaeagnus  umbellata 

- 

11 

- 

4 

- 

- 

- 

15 

Lonicera  japonica 

- 

- 

- 

- 

1 

- 

1 

- 

Rosa  multiflora 

- 

- 

4 

10 

- 

261 

4 

271 

Ulmas  pumila 

- 

- 

13 

15 

- 

- 

13 

15 

Totals 

33 

60 

47 

88 

27 

497 

107 

645 
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ABSTRACT 

Several  limestone  quarries  in  Rock  Island  County,  Illinois,  have  exposed  Early 
Pennsylvanian  (Namurian  B/C)  strata  filling  a  channel  or  channels  eroded  in  Silurian  and 
Devonian  carbonates.  The  Early  Pennsylvanian  shale,  siltstone,  and  sandstone  contain 
abundant  and  well-preserved  fossils,  primarily  plant  fossils.  These  fossils  represent  plants 
which  grew  on  a  well-drained  surface,  and  hence  many  are  distinct  from  plants  which  grew 
in  coal-forming  swamps.  These  fossils  are  especially  significant  because  it  is  thought  that 
major  evolutionary  events  took  place  on  the  "uplands"  rather  than  in  swamp  or  lowland 
environments.  The  most  productive  Illinois  locality  has  produced  many  enigmatic  fossils, 
representing  plants  not  known  or,  at  best,  poorly  known,  from  elsewhere.  Among  these 
fossils  are  (1)  stout  bilateral  axes  with  alternate  elongate  spiny  projections;  (2)  small 
lobed  laminae;  (3)  a  cluster  of  attached  ovules  morphologically  identical  to  an 
"Antarcticoid  capitulum"  from  the  Permian  of  Antarctica;  and  (4)  stout  axes  with  opposite 
to  subopposite  lobes,  possibly  bearing  ovules.  A  single  specimen  of  the  latter  occurs  at 
the  base  of  a  leaf,  Lesley  a.  Lesley  a  has  been  suggested  as  an  ancestor  of  the  cycadales  and 
possibly  was  an  ancestor  of  glossopterids.  These  and  several  other  unusual  plant  fossils 
provide  glimpses  into  diverse  Pennsylvanian  "upland"  floras  which  may  have  contained 
ancestors  to  extant  plants. 


INTRODUCTION 

Most  of  the  known  Carboniferous  fossil  plants  represent  plants  of  lowlands,  primarily 
swamp  and  deltaic  environments.  Floras  of  drier  "uplands"  are  seldom  represented  in  the 
fossil  record.  However,  several  sites  in  western  Illinois  contain  fossils  from  upland 
environments  (Leary  and  Pfefferkom,  1977;  Leary,  1981). 

Intuitively,  distinct  compositional  differences  between  swamp  and  non-swamp  floras  are 
anticipated.  One  expects  plant  communities  of  the  geologic  past  in  different 
environments  to  exhibit  diversity  similar  to  current  communities. 

In  addition,  it  has  been  suggested  that  major  evolutionary  changes  took  place  outside  the 
swamps,  specifically  within  the  uplands.  Thus,  even  though  upland  deposits  are  rare,  they 
are  important  to  our  knowledge  of  plant  diversity  and  evolution.  The  paleoenvironments 
are  referred  to  as  "upland"  in  contrast  to  lowland  environments  such  as  swamps,  delta  or 
alluvial  plains.  The  paleorelief  of  these  uplands  in  western  Illinois  ranged  from  only  a  few 
meters  to  35  meters. 
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The  fossils  described  here  are  from  an  "upland"  setting.  This  locality  is  within  the  Allied 
Stone  Company  Quarry  in  Milan,  Rock  Island  County,  Illinois  (Fig.  1).  The  fossils 
occur  in  shale  which  Fills  a  river  channel  cut  into  Devonian  limestone  during  the  Late 
Mississippian  to  Early  Pennsylvanian  (Leary,  1981).  The  fossil-bearing  shale  has  been 
dated  as  Namurian  B/C  on  the  basis  of  plant  megafossils  and  spores  (Russell  Peppers, 
pers.  comm.).  The  plants  grew  on  a  rolling  surface  underlain  by  fractured  limestone.  The 
surface  had  a  relief  of  ca.  4  meters.  Adjacent  hills  were  up  to  30  meters  high. 

DESCRIPTIONS 


" Aphlebia " 

This  is  an  instance  where  nomenclature  is  clearly  not  the  same  as  taxonomy.  Although 
the  specimens  in  question  can,  with  some  certainty,  be  identified  to  genus,  higher 
taxonomic  placement  is  impossible.  It  is  not  even  known  what  part  of  a  plant  is 
represented.  One  possibility  is  that  they  are  aquatic  plants,  another  is  that  they  are 
succulents.  Still  another  possibility  is  that  they  are  early  coniferous  or  cordaitean  fertile 
structures. 

In  appearance,  they  are  very  similar  to  Aphlebia  spinosa  from  Mazon  Creek,  Figured  by 
Langford  in  his  Coal  Flora  (1958).  However,  they  do  not  closely  resemble  the  type  of 
Aphlebia  spinosa  described  and  figured  by  Lesquereux  (1879).  [Described  as 
Rhacophyllum  spinosa  and  transferred  to  Aphlebia  by  White  (1899).]  They  more  closely 
resemble  the  types  of  the  genus,  originally  described  by  Gutbier  in  1835.  He  named  the 
specimens  Fucoides  and  thought  them  a  brown  alga. 

Among  the  specimens  from  western  Illinois  are  several  varieties.  These  may  represent 
several  species,  even  different  genera.  Possibly  they  are  different  stages  in  development  or 
perhaps  fertile  and  sterile  forms  of  the  same  plant.  Specimens  are  up  to  13  cm  long  and 
6.4  cm  wide.  They  have  a  thick  basal  axis,  expand  rapidly,  and  taper  to  a  point. 

One  group  of  these  are  stout  axes  with  two  rows  of  thick,  branched  or  spiny  appendages 
(Fig.  2).  The  organs  are  bilateral  and  the  projections  are  opposite  to  subopposite.  The 
major  axes  have  coarse  wrinkles  which  indicate  that  originally  they  were  fleshy  and 
shriveled  upon  drying  prior  to  preservation  (Fig.  3).  The  central  portion  is  1/6  to  1/3  of 
the  total  width. 

The  elongate  projections  are  up  to  28  mm  long,  with  round  or  oval  cross  sections,  2  mm 
in  diameter,  and  taper  to  a  point.  The  appendages  depart  at  steep  angles  at  the  base  of  the 
structure,  the  angle  decreasing  toward  the  apex.  They  curve  gently  upward  along  their 
length.  Most  specimens  are  open,  the  appendages  widely  separated.  Some  appear  more 
foliar  with  the  appendages  touching  or  overlapping.  No  veins  are  visible  in  the 
projections.  Some  projections  have  downwardly  curved  "spines"  near  the  base  (Fig.  4). 
Those  projections  have  radially  arranged  spines  or  leaf  scars  along  their  length. 

Two  specimens  have  what  appear  to  be  ovules  attached  just  above  the  lateral  arms  (Fig. 
5).  Preservation  of  the  specimens  does  not  allow  definite  determination  of  the  true  nature 
of  the  ovule-like  bodies. 
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A  second  group  of  similar  structures  appear  to  be  radially  symmetrical  and  covered  with 
laminae  (Fig.  6).  Whether  these  belong  to  the  same  plant  as  the  " Aphlebia "  described 
above  is  not  known. 

Lobed  lamina 

Another  fossil  of  unknown  affinities  consists  of  small  laminae  with  lobate  margins  (Fig. 
7).  They  range  up  to  47  mm  in  length  and  24  mm  in  width.  Overall,  they  are  lanceolate 
in  shape  but  the  margins  are  deeply  divided  into  lobes  with  rounded  apices.  The  lobes 
usually  occur  in  pairs,  joined  basally.  The  lamina  taper  to  a  narrow  base. 

Venation  is  faint.  Apparently  a  single  vein  enters  the  base  of  the  lamina.  Side  veins 
divide  once  dichotomously;  a  single  vein  enters  each  lobe. 

One  specimen  consists  of  a  small  stem  with  a  single  leaf  attached  near  the  blunt  tip. 
Several  scars  indicate  leaves  were  attached  in  a  spiral.  Another  specimen  consists  of  a 
cluster  of  three  lobed  leaves  (Fig.  8). 

A  total  of  17  specimens  have  been  collected.  Three  are  nearly  complete;  other  specimens 
are  only  fragments  of  various  sizes. 

"Antarcticoid  capitulum  with  ovules" 

Two  specimens  with  identical  ovules  have  been  collected  in  the  Allied  Stone  Company 
Quarry  in  western  Illinois.  One  specimen  preserves  the  ovules  attached  to  a  hand-shaped 
structure,  the  ovules  at  the  end  of  the  "fingers"  (Fig.  9).  The  preserved  organ  is  9  mm 
long  and  5  mm  high.  The  ovules  are  pear-shaped,  3.2  mm  long  and  2.4  mm  wide. 

The  second  specimen  contains  a  cluster  of  9  ovules.  Either  they  were  detached  prior  to 
preservation  or  the  organ  was  compressed  vertically  and  the  capitulum  not  preserved. 

The  specimen  illustrated  (Fig.  9)  is  very  similar  to  a  specimen  described  and  illustrated  by 
Schopf  in  1976.  His  specimen,  referred  to  as  "Antarcticoid  capitulum  with  ovules,"  is 
from  the  Permian  of  Antarctica  and  is  associated  with  Glossopterids.  It  has  been  equated 
with  Rigbya  cf.  arberioides  (Lacey,  1977;  Lacey  et  al.,  1975). 

Fertile  axes  of  unknown  identity 

This  fossil,  somewhat  resembling  an  over-grown  graptolite  or  two-sided  saw  blade  (Fig. 
10),  is  probably  a  fertile  structure.  The  projections  are  alternate  to  subopposite.  The  bases 
are  broad  and  deccurent.  These  fossils  have  not  been  found  attached  to  any  other  plant  part. 

The  projections  on  each  side  of  the  thick  axis  appear  to  have  an  expanded  tip  which  might 
have  contained  either  seeds  or,  more  likely,  spores.  The  fossils  are  coalified  and  no 
detailed  studies  have  been  made  yet  to  see  whether  spores  or  anatomy  might  be  preserved. 
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CONCLUSION 

There  are  a  number  of  unusual  plants  in  the  Early  Upper  Carboniferous  upland  floras  of 
western  Illinois.  Some  may  be  significant  as  ancestors  of  extant  plants.  Most  no  doubt 
represent  previously  unknown  plants,  perhaps  even  groups  of  plants,  now  extinct.  These 
fossils,  and  others  yet  undiscovered  in  upland  floras  elsewhere,  provide  exciting  glimpses 
into  the  evolution  of  plants. 
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Figure  1.  Map  of  Illinois  showing  major  tectonic  features  and  location  of  collecting 
locality  (arrow).  (Base  map  courtesy  Illinois  State  Geological  Survey.) 
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Figures  2-6 


Fig.  2.  Aphlebia  sp.  X  1 

Fig.  3.  Aphlebia  sp.  with  wrinkled  axis.  X  2 

Fig.  4.  Aphlebia  sp.  X  1 

Fig.  5.  Aphlebia  sp.  with  ovules?  X  1 

Fig.  6.  Aphlebia  sp.2.  X  1 
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Figures  7-10 


Fig.  7.  Lobed  lamina.  X  2 

Fig.  8.  Three  lobed  lamina  on  axis.  X  2 

Fig.  9.  "Antarcticoid  capitulum  with  ovules."  X  5  Compare  with 
Schopf  (1976)  and  Rigbya  arberioides. 

Fig.  10.  Fertile  axis.  Lesleya  in  upper  left.  X  2 
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ABSTRACT 

The  effects  of  predator  size  and  female  receptivity  on  the  courtship  behavior  of  captive- 
bred  male  guppies  ( Poecilia  reticulata)  were  investigated.  Male  guppies  exhibited  risk- 
reckless  courtship  behavior  in  that  they  did  not  decrease  the  amount  of  time  spent 
performing  visually  conspicuous  sigmoid  displays  and  increase  the  frequency  of  attempted 
forced  copulations  when  large  predatory  fish  were  present.  Female  receptivity  (i.e.,  virgin 
or  non-virgin  females)  also  had  no  effect  on  male  courtship  behavior. 

INTRODUCTION 

Predation  is  a  major  selective  force  that  has  influenced  the  evolution  of  life  history  traits 
in  the  guppy  ( Poecilia  reticulata)  (Farr,  1975;  Reznick  and  Endler,  1982;  Reznick  et  al., 
1990),  a  small,  hardy,  live-bearing,  freshwater  fish  native  to  streams  in  South  America 
(Clark  and  Aronson,  1951;  Houde,  1988).  One  such  trait  is  male  courtship  behavior, 
which  represents  a  balance  between  natural  selection  (through  predation)  and  sexual 
selection.  Sexual  selection  has  maximized  the  rate  at  which  courtship  behavior  occurs  as 
a  result  of  male-male  competition  for  females  (Farr,  1975;  Houde,  1988).  High  levels  of 
courtship  behavior  increase  male  mating  success  (Farr,  1976)  but  may  also  increase  the 
risk  of  predation  due  to  greater  visual,  and  possibly  chemical,  conspicuousness  (Schroder, 
1983;  Breden  and  Stoner,  1987). 

A  male  guppy  can  employ  two  strategies  in  order  to  mate  with  a  female;  he  can  court  the 
female  and  try  to  persuade  her  to  mate  with  him,  or  he  can  attempt  a  forced  copulation 
(Farr,  1980).  Courtship  behavior  consists  of  sigmoid  displays,  in  which  the  male  bends 
his  body  into  an  "S "-shape  with  the  dorsal  and  caudal  fins  either  spread  fully  or  closed 
(Farr,  1976);  such  displays  last  up  to  three  seconds  (Clark  and  Aronson,  1951).  Forced 
copulations  consist  of  rapid  thrusts  of  the  gonopodium  at  the  genital  pore  of  the  female  in 
an  attempt  to  copulate  without  female  consent  (Clark  and  Aronson,  1951). 
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The  results  of  several  studies  suggest  that  predation  is  an  important  selective  force  on 
reproductive  behaviors  of  male  guppies,  which  can  be  modified  under  the  threat  of 
predation.  Luyten  and  Liley  (1985)  found  that  male  guppies  from  areas  with  high 
predation  rates  by  piscivorous  fish  exhibited  low  frequencies  of  sigmoid  displays  and  high 
frequencies  of  attempted  forced  copulations.  Endler  (1987)  documented  fewer  male  guppy 
sigmoid  displays  and  an  increased  number  of  attempted  forced  copulations  in  the  presence 
of  a  predatory  fish.  Magurran  and  Seghers  (1990)  found  that  in  the  presence  of  predatory 
fish,  male  guppies  from  populations  experiencing  low  predation  rates  exhibited  risk- 
reckless  courtship  behavior  (Fraser  and  Huntingford,  1986)  in  that  they  did  not  reduce 
their  sigmoid  display  rate.  Conversely,  Magurran  and  Seghers  (1990)  found  that  male 
guppies  from  populations  experiencing  high  predation  rates  exhibited  risk-sensitive 
courtship  behavior  (Fraser  and  Huntingford,  1986)  in  the  presence  of  predatory  fish  by 
performing  fewer  sigmoid  displays  and  increasing  the  number  of  attempted  forced 
copulations. 

Investigators  of  most  studies  have  not  determined  whether  predator  size  or  female 
receptivity  (i.e.,  virgin  or  non-virgin  females)  affect  male  guppy  courtship  behavior.  We 
investigated  the  effects  of  predator  size  and  female  receptivity  on  male  courtship  behavior 
in  a  commercially  purchased  population  of  guppies.  If  predation  pressure  has  influenced 
male  courtship  behavior,  smaller  predatory  fish  that  are  unable  to  kill  adult  guppies 
should  have  less  of  an  effect  on  courtship  behavior  than  larger  predatory  fish  (Schroder, 
1983).  In  addition,  because  female  guppies  are  most  receptive  to  male  sigmoid  displays 
as  virgins  (e.g.,  Farr,  1976;  Houde,  1988),  males  should  perform  more  sigmoid  displays 
to  virgins  than  to  non-virgins. 


METHODS 

We  obtained  the  guppies  from  a  stock  at  a  local  retail  outlet.  Seventeen  male  guppies, 
ten  virgin  female  and  ten  non-virgin  female  guppies  were  housed  in  three  separate  sections 
(i.e.,  one  section  contained  only  males,  one  contained  only  virgin  females,  and  one 
contained  only  non-virgin  females)  of  a  50  cm  x  26  cm  glass  aquarium  filled  to  a  depth  of 
20  cm  with  aged,  aerated  tap  water.  A  heater  maintained  the  temperature  at  approximately 
25°C,  and  the  aquarium  was  exposed  to  dim  fluorescent  lighting  on  a  14-h-L:10-h-D 
cycle.  All  guppies  were  fed  daily  with  Tetra-marin  flake  food. 

We  used  striped  convict  cichlids  ( Cichlasoma  nigrofasciatum )  as  predators  in  this 
experiment.  The  range  of  this  species  overlaps  that  of  the  guppy  (Axlerod  and 
Vorderwinkler,  1983),  and  other  cichlid  species  are  known  guppy  predators  (e.g.,  Reznick 
et  al.,  1990).  In  preliminary  observations  we  determined  that  the  two  large  cichlids, 
approximately  5  cm  in  length  and  3.3  g  in  body  mass,  were  capable  of  preying  on  adult 
guppies,  whereas  two  small  cichlids,  approximately  3.75  cm  in  length  and  1.6  g  in  body 
mass,  were  not  capable  of  preying  on  adult  guppies. 

The  experiments  took  place  in  March  and  April,  1992.  We  conducted  all  observations 
during  early  morning  (2-5  hours  after  first  light)  because  most  courtship  occurs  at  this 
time  (Endler,  1987).  The  experimental  apparatus  was  an  aquarium  with  conditions 
identical  to  that  of  the  aquarium  in  which  all  guppies  were  housed  (described  above),  but 
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it  was  divided  in  half  by  a  clear  plexiglass  divider  which  had  two,  screen-covered  holes 
(approximately  5  cm  in  diameter)  that  permitted  water  to  pass  between  the  adjacent 
chambers.  Coarse  gravel  was  placed  at  the  bottom  of  the  tank  and  the  tank  sides  were 
covered  (except  for  the  observation  side)  to  minimize  disturbance  to  the  fish.  We 
conducted  trials  in  the  following  manner.  Four  male  guppies,  which  could  be  identified 
by  their  natural  coloration,  were  placed  in  the  test  aquarium.  One  female  guppy  (either 
virgin  or  non-virgin)  was  immediately  placed  in  the  test  aquarium  with  the  males.  After 
7  min,  either  two  small  predators,  two  large  predators,  or  two  male  guppies  (controls) 
were  placed  in  the  opposite  chamber  of  the  test  aquarium.  We  then  allowed  the  fish  to 
acclimate  for  another  8  min.  Similar  acclimation  periods  have  been  used  in  other  studies 
of  guppy  courtship  behavior  (e.g.,  Breden  and  Stoner,  1987).  After  the  acclimation 
period,  we  observed  one  of  the  four  male  guppies  for  10  min  and  recorded  the  length  of 
time  spent  sigmoid  curving  and  the  number  of  attempted  forced  copulations.  After  the  10 
min  observation  period  all  fish  were  returned  to  their  respective  aquariums.  We  repeated 
this  process  for  each  of  the  17  individual  male  guppies  in  six  treatments,  which  were 
performed  in  random  order:  virgin  female/control  (male  guppies  present)  (CV),  virgin 
female/small  predator  (SV),  virgin  female/large  predator  (LV),  non- virgin  female/control 
(CN),  non-virgin  female/small  predator  (SN),  non-virgin  female/large  predator  (LN). 

The  effect  of  predator  size  and  female  virginity  on  the  duration  of  sigmoid  curving  and 
frequency  of  attempted  forced  copulations  were  analyzed  with  t-tests  (Univariate  procedure; 
SAS  Institute,  1987)  on  combinations  of  treatments  to  test  the  null  hypothesis  that  the 
difference  in  such  combinations  equals  zero.  The  treatment  combinations  were:  (1) 
determining  the  effect  of  predator  size  by  subtracting  the  weighted,  summed  values  for  the 
small  predator  treatments  from  the  weighted,  summed  values  for  the  large  predator 
treatments  (i.e.,  H0:  0.5(LV  +  LN)  -  0.5(SV  +  SN)=0;  see  above  for  abbreviations);  (2) 
determining  the  effect  of  female  receptivity  by  subtracting  the  weighted,  summed  values 
for  the  virgin  treatments  from  the  weighted,  summed  values  for  the  non-virgin  treatments 
(i.e.,  H0:  0.33(CN  +  LN  +  SN)  -  0.33(CV  +  LV  +  SV)=0);  (3)  determining  the  effect  of 
the  presence  of  predatory  fish  by  subtracting  the  weighted,  summed  values  for  the 
experimental  treatments  from  the  weighted,  summed  values  for  the  controls  (i.e.,  H0: 
0.5(CV  +  CN)  -  0.25(LV  +  LN  +  SV  +  SN)=0).  Because  we  used  multiple  t-tests,  we 
controlled  for  the  experiment- wise  error  rate  by  using  an  alpha  of  0.008  (alpha=0.05/6 
tests). 


RESULTS 

The  size  of  the  predatory  fish  had  no  effect  on  the  duration  of  sigmoid  displays  (t=1.70, 
df=15,  p=0.11)  or  on  the  frequency  of  attempted  forced  copulations  (t=0.84,  df=15, 
p=0.41)  (Fig.  1).  Female  receptivity  (i.e.,  virgin  or  non-virgin  females)  also  had  no 
effect  on  the  duration  of  sigmoid  displays  (t=-1.27,  df=15,  p=0.22)  or  on  the  frequency  of 
attempted  forced  copulations  (t=- 1.16,  df=15,  p=0.26)  (Fig.  1).  In  addition,  the  presence  a 
predatory  fish  had  no  effect  on  the  duration  of  sigmoid  displays  (t=-0.01,  df=  15,  p=0.99) 
or  on  the  frequency  of  attempted  forced  copulations  (t=0.99,  df=15,  p=0.34). 
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DISCUSSION 

This  study  shows  that  the  captive-bred  male  guppies  in  our  experiment  demonstrated  risk- 
reckless  courtship  behavior  in  that  they  did  not  decrease  the  amount  of  time  they  spent 
performing  visually  conspicuous  sigmoid  displays  when  either  large  or  small  predatory 
fish  were  present.  These  guppies  were  bred  in  captivity  in  large,  outdoor  ponds,  and  the 
stock  from  which  these  originated  had  not  been  exposed  to  predatory  fish  for 
approximately  25  years  (S.  Hennessy,  personal  communication).  The  lack  of  exposure  to 
predatory  fish  over  such  a  time-scale  may  have  been  sufficient  to  select  for  risk-reckless 
behavior.  Similar  time-scales  have  been  cited  for  the  inheritance  and  selection  of  other 
guppy  life  history  traits  (e.g.,  Luyten  and  Liley,  1985;  Houde,  1988;  Magurran  and 
Seghers,  1990;  Reznick  et  al.,  1990).  The  decrease  in  predation  pressure  may  have 
increased  the  courtship  behavior  by  favoring  sexual  selection  over  natural  selection  (e.g., 
Magurran  and  Seghers,  1990).  However,  we  have  no  data  on  the  predation  levels  to 
which  the  stock  from  which  our  guppies  originated  had  been  exposed. 

An  additional  characteristic  of  the  male  guppies  in  this  study  was  their  failure  to 
distinguish  between  receptive  (virgin)  and  unreceptive  (non-virgin)  females.  A  possible 
explanation  may  be  that  guppies  with  the  highest  courtship  rates  acquire  the  most 
copulations  (e.g.,  Farr,  1980;  but  see  Houde,  1988),  regardless  of  whether  the  females  are 
virgins  or  non-virgins.  This  behavior  may  be  important  in  such  a  short-lived,  r-selected 
species.  At  a  high  density  of  female  guppies,  males  may  be  unable  to  determine  if 
females  are  virgin  or  non-virgin,  and  it  may  be  to  their  advantage  to  use  sigmoid  displays 
rather  than  attempt  forced  copulations.  Matings  resulting  from  forced  copulations  are  of 
shorter  duration  than  those  associated  with  sigmoid  displays,  and  hence  may  result  in  the 
formation  of  fewer  zygotes  (Endler,  1987). 

Other  factors  may  have  affected  the  results  of  our  study.  Although  we  did  not  quantify  the 
activities  of  the  predators,  we  believe  it  unlikely  that  their  behavior  could  have  influenced 
our  results.  The  small  predators  were  fairly  active  and  spent  much  time  swimming  after 
each  other;  however,  they  spent  most  of  their  time  on  the  far  end  of  the  tank  away  from 
the  divider.  In  contrast,  the  large  predators  spent  much  more  time  swimming  near  the 
plexiglass  divider,  and  they  even  bumped  aggressively  into  it,  often  causing  the  guppies 
in  the  adjacent  chamber  to  dart  away.  Another  factor  that  may  have  influenced  our  results 
is  the  possibility  that  our  guppies  were  inbred,  which  could  have  affected  their  courtship 
behavior.  However,  we  do  not  know  the  breeding  histories  of  the  guppy  stock  from 
which  our  guppies  originated. 

The  results  of  our  experiment  using  captive-bred  guppies  have  some  practical 
implications.  Fish  hatcheries  commonly  use  breeding  stock  bred  in  captivity  for  several 
generations,  and  such  practices  have  adverse  effects  (e.g.,  the  fish  have  no  fear  of  humans) 
(S.  Krueger,  personal  communication).  Effects  on  courtship  behavior  are  unknown,  but 
if  fish  in  hatcheries  are  not  exposed  to  predators  for  several  generations,  or  are  inbred, 
both  they  and  their  progeny  may  exhibit  abnormal  courtship  and  other  behaviors.  The 
effects  on  behavioral  life  history  characteristics  of  using  captive-bred  stock  in  fish 
hatcheries  should  be  investigated. 
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Figure  1.  Mean  (+SE)  duration  of  sigmoid  displays  and  mean  (+SE)  frequency  of 
attempted  forced  copulations  by  male  guppies  in  each  treatment.  Treatments 
are:  CN  (non-virgin  female/control),  CV  (virgin  female/control),  LN  (non¬ 
virgin  female/large  predator),  LV  (virgin  female/large  predator),  SN  (non¬ 
virgin  female/small  predator),  SV  (virgin  female/small  predator). 
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ABSTRACT 

Use  of  food  items  by  coyote  ( Canis  latrans)  pups  at  a  den  site  in  Crab  Orchard  National 
Wildlife  Refuge,  Illinois,  was  examined  in  June  1986.  Fawn  white-tailed  deer 
( Odocoileus  virginianus )  was  the  most  frequently  occurring  item  (85.9%)  in  pup  scats.  In 
contrast,  small  mammal  was  the  most  frequently  occurring  item  (58.1%)  in  adult  coyote 
scats,  but  was  found  in  only  one  pup  scat.  Additionally,  adults  used  a  greater  diversity  of 
food  items.  Adult  coyotes  appear  to  selectively  bring  food  items  to  pups.  Fawns 
probably  constituted  an  energetically  efficient  item  for  feeding  pups  due  to  relatively  large 
size,  digestibility,  and  availability. 

INTRODUCTION 

Coyote  food  habits  have  been  extensively  documented  (e.g.,  Bekoff  1982).  However,  use 
of  items  by  different  age  classes  has  received  relatively  little  attention  (Harrison  and 
Harrison  1984).  Young  pups  that  are  being  weaned  are  supplied  with  food  by  adults. 
Therefore,  a  reasonable  assumption  is  that  pups  and  adults  feed  on  similar  items.  This 
hypothesis  was  tested  by  comparing  food  item  use  by  pups  at  a  den  site  to  that  of  adult 
coyotes  using  the  same  area. 

STUDY  AREA  AND  METHODS 

An  investigation  of  coyote  foraging  ecology  was  conducted  from  1986-1989  on  an 
approximately  300  km2  study  area  that  encompassed  Crab  Orchard  National  Wildlife 
Refuge  (CONWR)  in  Williamson  and  Jackson  Counties,  Illinois.  CONWR  was 
established  in  1947,  primarily  as  an  wintering  area  for  Canada  geese  ( Branta  canadensis). 
Habitat  diversity  is  high  due  to  past  and  current  land-use  patterns.  Numerous  food  items 
are  available  to  coyotes  and  include  white-tailed  deer,  eastern  cottontails  ( Sylvilagus 
floridanus ),  small  rodents,  deer  and  goose  carrion  resulting  from  fall  harvests  and  natural 
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mortality,  and  wild  fruits  such  as  persimmon  ( Diospyros  virginiana ),  American  plum 
( Prunus  americana ),  and  black  cherry  ( P .  serotina)  (Cypher  1991). 

Use  of  food  items  by  coyotes  was  determined  from  analysis  of  scats.  A  coyote  den  site 
was  located  in  the  northwest  section  of  CONWR  in  May  1986.  Pup  scats,  distinguished 
from  adult  scats  by  small  size,  were  collected  from  this  site  in  mid  and  late  June.  Adult 
coyote  scats  were  collected  along  refuge  roads  in  this  same  section  of  CONWR,  also  in 
mid  and  late  June.  All  scats  were  oven-dried  at  60°C  for  24  hr  to  facilitate  handling. 

Mammalian  remains  in  scats  were  identified  from  teeth  and  bone  fragments  (Glass  1981, 
Roest  1986)  and  guard  hair  characteristics  (Stains  1958,  Adorjan  and  Kolenosky  1969, 
Moore  et  al.  1974).  Avian  remains  were  identified  based  on  feather,  bill,  and  foot 
characteristics.  Seeds  of  fleshy  fruits  were  identified  by  comparison  to  known  specimens 
(U.S.  Department  of  Agriculture  1974). 

Frequency  of  occurrence  of  items  in  scats  was  compared  between  adult  coyotes  and  pups. 
Contingency  table  analysis  employing  a  chi-square  statistic  was  used  to  test  the 
hypothesis  that  proportional  use  of  items  with  >5%  frequency  of  occurrence  did  not  differ 
between  pup  and  adult  coyotes.  Dietary  diversity  was  compared  by  calculating  a  Shannon 
diversity  index  (Brower  and  Zar  1974): 

H'  =  -  Ip,logp, 

where  pi  is  the  proportional  occurrence  of  item  i  in  the  sample.  A  t-test  was  used  to  test 
the  hypothesis  that  the  diversity  of  food  items  in  scats  did  not  differ  between  adult  coyotes 
and  pups  (Hutcheson  1970). 

RESULTS  AND  DISCUSSION 

Small  rodent  (primarily  prairie  voles  [Microtus  ochrogaster ]  and  southern  bog  lemmings 
[Synaptomys  cooperi ]),  eastern  cottontail,  fawn,  and  bird  were  the  most  frequently 
occurring  items  in  adult  coyote  scats  in  June  1986  at  CONWR  (Table  1).  Small  rodent 
and  cottontail  were  the  two  primary  items  used  annually  by  coyotes  at  CONWR,  and 
apparently  were  dietary  staples  (Cypher  1991).  Conversely,  fawn  and  American  plum 
were  the  most  frequently  occurring  items  in  pup  scats.  Small  rodent,  cottontail,  and  bird 
all  occurred  relatively  infrequently  in  pup  scats.  Other  items  occurring  in  pup  scats 
included  adult  deer,  woodchuck  ( Marmota  monax),  raccoon  ( Procyon  lotor ),  Canada  goose, 
and  unidentified  bird.  Other  items  occurring  in  adult  scats  included  adult  deer,  woodchuck, 
squirrel  ( Sciurus  spp.),  muskrat  ( Ondatra  zibethica ),  raccoon,  unknown  bird,  bird  egg, 
reptile  egg,  American  plum,  black  cherry,  cow,  beaver  ( Castor  canadensis ),  opossum 
( Didelphis  virginiana ),  grasshopper  (Orthoptera),  crayfish  (Decapoda),  blackberry  (Rub us 
spp.),  and  unknown  fruit. 

Proportional  item  use  differed  significantly  between  adult  coyotes  and  pups  (X2  =  179.5, 
9  df,  P  <  0.01).  Twenty  items  were  found  in  adult  coyote  scats  versus  nine  items  in  pup 
scats.  This  difference  in  dietary  diversity  also  was  reflected  in  the  significantly  higher 
Shannon  index  for  the  adults  (12,391  =  8.41;  P  <  0.01).  The  greater  diversity  of  items  in 
adult  coyote  scats  and  the  difference  in  proportional  item  use  between  adults  and  pups 
both  indicate  that  adult  coyotes  selectively  bring  items  back  to  pups  at  den  sites. 
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Fawns  apparently  were  the  most  frequent  food  items  brought  to  pups.  Fawns  may  have 
constituted  an  energetically  efficient  item  to  bring  to  pups  for  three  reasons.  First,  by 
selecting  large  items  such  as  fawns,  fewer  trips  back  to  the  den  are  required  to  meet  food 
requirements  of  pups.  Harrison  and  Harrison  (1984)  drew  this  same  conclusion  after 
observing  that  fawns  also  were  the  primary  item  brought  to  dens  by  coyotes  in  Maine. 
Second,  larger  items  have  a  greater  proportion  of  digestible  biomass  than  do  smaller  items 
which  have  a  higher  proportion  of  indigestible  materials  (e.g.,  hair,  bone)  (Floyd  et  al. 
1975).  Thus,  larger  items  may  provide  more  calories  per  unit  weight  than  smaller  items. 
This  hypothesis  that  smaller  items  may  be  suboptimal  for  supplying  food  to  pups  is 
supported  by  the  fact  that  small  mammals  occurred  in  over  50%  of  adult  scats  but  in  only 
one  pup  scat.  Third,  fawns  are  relatively  abundant  in  June  and  are  vulnerable  due  to  small 
size  and  inexperience.  Thus,  they  are  easily  obtained  prey  for  adult  coyotes.  The  plums 
consumed  by  pups  probably  were  not  brought  by  adults.  Plum  trees  were  abundant  near 
the  den  site.  Therefore,  the  presence  of  plums  in  pup  scats  probably  was  a  result  of 
foraging  efforts  by  pups. 

A  potential  limitation  in  this  analysis  was  that  pup  scats  were  obtained  from  only  one 
den.  Also,  the  area  around  the  den  from  which  adult  scats  were  collected  was  small 
enough  that  most  of  the  samples  probably  were  from  the  parents  of  the  pups,  but  some 
samples  likely  were  from  other  coyotes.  Comparisons  of  pup  and  adult  food  habits 
warrant  further  investigation  using  data  from  multiple  family  groups. 

CONCLUSIONS 

Reproducing  coyotes  may  optimize  foraging  efforts  to  provision  pups  by  selecting  large, 
easily  obtained  items.  This  is  consistent  with  numerous  reports  of  increased  predation  on 
livestock  by  coyotes  during  pup  rearing  (e.g.,  Young  and  Jackson  1951,  Wade  1980). 
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Table  1.  Occurrence  and  diversity  of  food  items  in  adult  and  pup  coyote  scats,  June 
1986,  Crab  Orchard  National  Wildlife  Refuge,  Illinois. 


Occurrence 


Item  No. 

Adult  deer  3 

Fawn  deer  159 

Eastern  cottontail  8 

Small  rodent  1 

Woodchuck  7 

Squirrel 
Muskrat 

Raccoon  10 

Canada  goose  6 

Unknown  bird  9 

Bird  egg 
Reptile  egg 

American  plum  20 

Black  cherry 

Other 


Pup  Adult 

(n=185) (n=93) 


% 

No. 

% 

1.6 

9 

9.7 

85.9 

28 

30.1 

4.3 

29 

31.2 

0.5 

54 

58.1 

3.8 

6 

6.5 

- 

2 

2.2 

- 

6 

6.5 

5.4 

2 

2.2 

3.2 

- 

- 

4.9 

11 

11.8 

- 

5 

5.4 

- 

2 

2.2 

10.8 

4 

4.3 

- 

3 

3.2 

- 

7a 

7.5 

Number  of  Items  9  20 

Shannon  Diversity  0.419  0.907 

Index 


a 


One  occurrence  each  of  cow,  beaver,  opossum,  grasshopper,  crayfish,  blackberry,  and 
unknown  seed. 
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ABSTRACT 

I  investigated  use  of  food  resources  among  coyotes  ( Canis  latrans ),  red  foxes  ( Vulpes 
vulpes ),  and  gray  foxes  ( Urocyon  cinereoargenteus)  in  southern  Illinois.  All  three  species 
used  similar  food  items;  coyote  and  red  fox  diets  were  most  similar  while  coyote  and  gray 
fox  diets  were  least  similar.  Gray  fox  diets  also  exhibited  greater  diversity  and  omnivory. 
The  high  dietary  overlap  among  species  results  in  the  potential  for  resource  competition. 
Competition  with  coyotes  may  have  reduced  red  fox  abundance  in  southern  Illinois. 
Despite  competition  for  food  resources,  gray  foxes  appear  able  to  coexist  with  coyotes 
possibly  through  habitat  segregation  and  avoidance  of  antagonistic  encounters  by 
climbing  trees. 

INTRODUCTION 

Three  canid  species,  coyote,  red  fox,  and  gray  fox,  are  sympatric  in  southern  Illinois,  and 
potentially  compete  for  similar  resources.  Both  fox  species  are  native  to  Illinois,  and  are 
relatively  abundant.  Red  fox  numbers  even  may  have  benefitted  from  the  clearing  of 
forests  for  agriculture  (Hoffmeister  and  Mohr  1972).  The  historical  distribution  of 
coyotes  in  Illinois  is  less  clear.  Coyotes  may  have  always  been  present  in  Illinois,  but 
were  never  abundant  until  recently,  particularly  in  southern  Illinois.  In  1969,  coyotes 
were  reported  to  be  widespread  but  scarce  in  southern  Illinois  (Klimstra  and  Roseberry 
1969).  Coyote  abundance  appears  to  have  increased  significantly  in  the  1970's  (Ellis 
1985),  and  coyotes  are  now  abundant  throughout  southern  Illinois. 

Competitive  interactions  between  coyotes,  red  foxes,  and  gray  foxes  are  poorly 
understood.  Coincident  with  the  increase  in  coyote  abundance,  fur  trappers  began 
reporting  a  decline  in  fox  abundance,  particularly  red  foxes  (Ellis  1985).  Although 
coyotes  and  foxes  consume  a  diversity  of  food  items,  many  items  are  used  by  all  three 
species.  Thus,  competition  for  food  resources  may  result  in  competitive  exclusion  of  one 
or  both  fox  species  by  the  larger  coyote.  I  assessed  the  potential  for  resource  competition 
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among  coyotes,  red  foxes,  and  gray  foxes  in  southern  Illinois  by  comparing  food  item  use 
and  measuring  dietary  overlap. 


METHODS 

Food  item  use  by  coyotes  and  foxes  was  determined  by  collecting  gastrointestinal  and  scat 
samples  in  winter  1988-89  and  1989-90.  Gastrointestinal  (stomach  and  large  intestine) 
samples  were  collected  from  carcasses  obtained  from  four  furbuyers  in  southern  Illinois. 
Scat  samples  and  additional  gastrointestinal  samples  were  obtained  from  trapsites  and 
carcasses,  respectively,  of  coyotes  and  gray  foxes  captured  as  part  of  an  investigation  of 
coyote  ecology  at  Crab  Orchard  National  Wildlife  Refuge  in  Williamson  and  Jackson 
Counties  (Cypher  1991).  To  facilitate  handling,  stomach  samples  were  washed  in  a 
strainer,  and  large  intestine  and  scat  samples  were  oven-dried. 

Mammalian  remains  in  scats  were  identified  from  teeth  and  bone  fragments  (Glass  1981, 
Roest  1986)  and  guard  hair  characteristics  (Stains  1958,  Adorjan  and  Kolenosky  1969, 
Moore  et  al.  1974).  Seeds  of  fleshy  fruits  were  identified  by  comparison  to  known 
specimens  (U.S.  Department  of  Agriculture  1974). 

Frequency  of  occurrence  of  items  in  samples  and  use  of  animal  prey  versus  fruit  were 
compared  among  coyotes  and  foxes  using  contingency  table  analysis  and  a  chi-square 
test.  To  compare  diets  among  species,  items  were  grouped  into  the  following  categories: 
deer,  rabbit,  small  rodent,  bird,  insect,  persimmon,  and  other.  Dietary  diversity  was 
compared  by  calculating  a  Shannon  diversity  index  (Brower  and  Zar  1984): 


H'  =  -Ipilogpj 


where  pi  is  the  proportional  occurrence  of  item  i  in  the  sample.  A  t-test  was  used  to  test 
whether  diversity  indices  differed  between  species  (Hutcheson  1970).  Horn's  similarity 
index  (Horn  1966)  was  used  to  estimate  dietary  overlap  between  species. 

RESULTS 

In  coyote  samples  (Table  1),  rabbit  ( Sylvilagus  floridanus)  was  the  most  frequently 
occurring  item  followed  by  microtine  rodents  (prairie  vole  [Microtus  ochrogaster ]  and 
southern  bog  lemming  [Synaptomys  cooperi ]),  persimmon  ( Diospyros  Virginia ),  bird,  and 
white-tailed  deer  ( Odocoileus  virginianus).  Other  items  included  pig  ( Sus  scrofa),  squirrel 
(. Sciurus  spp.),  deer  mouse  ( Peromyscus  spp.),  Canada  goose  ( Branta  canadensis ), 
grasshopper  (Orthoptera),  corn,  and  wild  pear  ( Malus  communis).  In  red  fox  samples, 
rabbit  occurred  most  frequently  followed  by  persimmon,  bird,  and  white-tailed  deer.  Other 
items  included  microtine  rodent,  deer  mouse,  muskrat  ( Ondatra  zibethicus ),  shrew 
(Soricidae),  cardinal  ( Cardinalis  cardinalis ),  domestic  chicken,  grasshopper,  beetle 
(Coleoptera),  corn,  and  crabapple  {Malus  spp.).  In  gray  fox  samples,  persimmon  was  the 
most  frequently  occurring  item  followed  by  rabbit,  bird,  and  white-tailed  deer.  Other 
items  included  microtine  rodent,  deer  mouse,  shrew,  Canada  goose,  cardinal,  grasshopper, 
com,  wild  pear,  wild  grape  (Vitis  spp.),  rose  hip  ( Rosa  spp.),  and  flowering  dogwood 
( Cornus  florida).  White-tailed  deer  in  samples  was  probably  from  carrion  resulting  from 
the  fall  deer  harvest. 
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Frequency  of  occurrence  of  items  did  not  differ  among  the  three  canid  species  (coyote-gray 
fox:  X2  =  9.03,  6  df,  P  =  0.17;  coyote-red  fox:  X2  =  1.08,  6  df,  P  =  0.98;  gray  fox-red 
fox:  X2  =  7.60,  6  df,  E  =  0.26). 

Coyote  samples  had  a  significantly  higher  proportion  of  animal  items  compared  to  gray 
foxes  (X2  =  7.37,  1  df,  P  <  0.01).  Frequency  of  occurrence  of  animal  items  versus  fruits 
did  not  differ  between  coyotes  and  red  foxes  (X2  =  1.02,  1  df,  P  =  0.31)  or  between  fox 
species  (X2  =  2.52,  1  df,  P  =  0.11). 


The  number  of  different  food  items  totaled  14  for  coyote  samples,  and  16  for  both  gray 
fox  and  red  fox  samples.  Dietary  diversity  was  highest  for  gray  foxes  (Table  1),  but 
diversity  indices  did  not  differ  significantly  among  species  (P  >  0.05  for  all  pairwise 
comparisons).  Horn's  similarity  indices  indicated  that  dietary  overlap  was  high  between 
all  species.  The  similarity  index  was  0.93  among  coyote  and  red  fox  diets,  0.92  among 
gray  fox  and  red  fox  diets,  and  0.89  among  coyote  and  gray  fox  diets. 

DISCUSSION 

High  dietary  overlap  indices  among  coyotes,  red  foxes,  and  gray  foxes  indicate  a  high 
potential  for  resource  competition.  Coyote  and  red  fox  diets  were  most  similar  while 
coyote  and  gray  fox  diets  were  least  similar.  Thus,  resource  competition  may  be  most 
intense  between  coyotes  and  red  foxes.  This  competition  may  be  a  contributing  factor  to 
the  observed  decline  in  red  fox  abundance  in  Illinois. 

Gray  fox  diets  were  slightly  more  diverse  than  those  of  either  coyotes  or  red  foxes.  Also, 
gray  foxes  consumed  a  significantly  greater  proportion  of  fruit.  The  greater  degree  of 
omnivory  by  gray  foxes  is  consistent  with  most  other  fox  food  habit  comparisons  (e.g., 
Scott  1955,  Hockman  and  Chapman  1983).  The  combination  of  greater  omnivory  and 
euryphagy  may  confer  a  competitive  advantage  to  gray  foxes  over  red  foxes  (Hockman  and 
Chapman  1983). 

Competitive  interactions  other  than  competition  for  food  likely  contribute  to  observed 
canid  abundance  and  distribution  trends.  Coyotes  occasionally  kill  foxes  which 
constitutes  interference  competition  (Case  and  Gilpin  1974).  Reports  of  coyotes  killing 
red  foxes  are  common  (e.g.,  Major  and  Sherburne  1987,  Sargeant  and  Allen  1989). 
Coyotes  also  kill  gray  foxes  although  reports  are  less  common  (Wooding  1984,  Cypher 
unpublished  data).  Additionally,  gray  foxes  are  reportedly  more  aggressive  than  red  foxes, 
and  may  even  exclude  red  foxes  from  some  habitats  (Carey  1982). 

Such  antagonistic  interactions  would  explain  declining  fox  abundance  in  Illinois 
concomitant  with  increasing  coyote  abundance.  However,  competitive  interactions 
between  coyotes  and  foxes  appear  to  impact  red  foxes  more  severely,  even  resulting  in 
local  extirpation  of  red  foxes.  Competitive  exclusion  of  red  foxes  by  coyotes  has  been 
reported  in  Maine  (Major  and  Sherburne  1987,  Harrison  et  al.  1989),  North  Dakota 
(Sargeant  et  al.  1987),  Ontario  (Voigt  and  Earle  1983),  Yukon  (Theberge  and  Wedeles 
1989),  and  Alberta  (Dekker  1989).  The  decline  in  number  of  red  foxes  harvested  was 
sharper  in  southern  Illinois  where  coyotes  are  more  abundant  than  in  east-central  Illinois 
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where  coyotes  are  less  abundant  (Ellis  1985).  During  efforts  to  trap  coyotes  at  Crab 
Orchard  National  Wildlife  Refuge  in  southern  Illinois,  19  gray  foxes  were  incidentally 
captured  whereas  only  1  red  fox  was  captured  (Cypher  unpublished  data).  In  North 
Dakota,  coyote  and  red  fox  population  trends  were  inversely  related  (Johnson  and  Sargeant 
1977).  Fur  trappers  in  Mississippi  also  reported  an  inverse  relationship  between  coyote 
and  red  fox  abundance,  but  no  such  relationship  between  coyotes  and  gray  foxes  (Wooding 
1984).  Similarly,  red  foxes  declined  in  Alabama  as  coyotes  increased,  but  gray  foxes 
remained  abundant  (Wooding  1984). 

Gray  foxes  apparently  have  a  greater  capacity  to  coexist  with  coyotes.  Although  coyotes, 
red  foxes,  and  gray  foxes  have  overlapping  habitat-use  patterns,  coyotes  and  red  foxes 
prefer  more  open  habitat  types  (e.g.,  pastures,  agricultural  fields  -  Follman  1973,  Priest 
1986,  Cypher  1991)  while  gray  foxes  prefer  brushier  types  (e.g.,  woody  old  fields, 
deciduous  forests  -  Follman  1973,  Wooding  1984).  Thus,  some  degree  of  habitat 
segregation  may  reduce  interactions  between  coyotes  and  gray  foxes.  Finally,  the  tree¬ 
climbing  ability  of  the  gray  fox  probably  provides  this  species  with  an  escape  strategy 
during  aggressive  encounters  with  coyotes  (Wooding  1984). 

CONCLUSIONS 

High  dietary  overlap  among  coyotes,  red  foxes,  and  gray  foxes  may  result  in  high 
potential  for  food  competition,  particularly  between  coyotes  and  red  foxes.  Such 
competition  may  contribute  to  competitive  exclusion  of  red  foxes  by  coyotes  resulting  in 
decreased  red  fox  abundance.  Gray  foxes  may  avoid  similar  exclusion  through  a  variety  of 
mechanisms,  such  as  greater  omnivory,  habitat  partitioning,  and  an  ability  to  climb  trees 
and  elude  coyotes. 
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Table  1.  Frequency  of  occurrence  and  diversity  of  dietary  items  in  gastrointestinal  and 
scat  samples  from  coyotes,  red  foxes,  and  gray  foxes  in  southern  Illinois, 
winter  1988-89  and  1989-90. 


Frequency  of  Occurrence  (%) 

Coyote  Red  Fox  Gray  Fox 

(n=44) (n=55) (n=42) 


Animal 

93.2 

94.5 

90.5 

White- tailed  deer 

20.5 

14.5 

14.3 

Eastern  cottontail 

47.7 

41.8 

40.5 

Microtine  rodent 

36.4 

9.1 

9.5 

Other  small  rodent 

11.4 

7.3 

9.5 

Pig 

9.1 

0.0 

0.0 

Other  mammal 

4.6 

3.6 

2.4 

Bird 

29.5 

32.7 

19.0 

Insect 

4.5 

5.5 

4.8 

Fruit 

38.6 

41.8 

54.8 

Persimmon 

36.4 

36.4 

42.9 

Wild  grape 

0.0 

0.0 

9.5 

Com 

2.3 

5.5 

2.4 

Wild  pear 

2.3 

0.0 

9.5 

Other  fruit 

0.0 

1.8 

4.8 

Diversity  Index 

2.03 

1.91 

2.11 

Transactions  of  the  Illinois  State  Academy  of  Science 
(1993),  Volume  86,  3  and  4,  pp.  145  -  152 

Summer  Food  Habits  of  Coyotes  at 
Union  County  Conservation  Area,  Illinois 

Brian  L.  Cypher1,  Alan  Woolf,  and  David  C.  Yancy2 
Cooperative  Wildlife  Research  Laboratory  and 
Department  of  Zoology 
Southern  Illinois  University 
Carbondale,  Illinois  62901 

Resent  address 

EG&G  Energy  Measurements,  Inc. 

P.  O.  Box  127 
Tupman,  California  93276 

9 

Present  address 

Kentucky  Department  of  Fish  and  Wildlife  Resources 

#1  Game  Farm  Road 
Frankfort,  Kentucky  40601 


ABSTRACT 

Summer  food  item  use  by  coyotes  ( Catiis  latrans)  was  investigated  at  Union  County 
Conservation  Area  (UCCA),  Illinois,  during  1984-86  to  determine  if  item  use  differed 
among  years  and  months,  and  to  determine  whether  coyote  food  habits  in  this  bottomland 
habitat  differed  from  those  in  nearby  upland  habitats.  Item  use  differed  among  years  (P  < 
0.01)  and  months  (P  <  0.01).  Small  rodents  (primarily  microtines),  birds,  June  beetles 
( Phyllophaga  spp.),  white-tailed  deer  fawns  ( Odocoileus  virginianus ),  and  rabbits 
(Sylvilagus  spp.)  were  the  most  frequently  occurring  items  in  coyote  scats.  Use  of 
rabbits  and  fleshy  fruits  was  relatively  low  and  consumption  of  birds  and  muskrats 
( Ondatra  zibethecus )  was  high  compared  to  nearby  upland  habitats.  Patterns  of  food  item 
use  by  coyotes  likely  reflect  annual,  monthly,  and  habitat-specific  item  availability. 

INTRODUCTION 

Coyote  foraging  patterns  exhibit  high  plasticity  and  can  vary  by  location,  season,  and 
year  (Cypher  1991).  Because  the  availability  of  potential  food  items  varies  among  habitat 
types,  use  of  food  items  by  coyotes  also  should  vary  among  types.  In  Illinois,  food 
habits  of  coyotes  in  upland  habitats  have  been  well  documented  (Phillips  and  Hubert 
1980,  Westmoreland  and  Woolf  1981,  Jones  1982,  Priest  1986,  Cypher  1991).  Summer 
food  habits  of  coyotes  in  a  bottomland  habitat  were  investigated  at  UCCA  in  conjunction 
with  a  study  of  white-tailed  deer  fawn  mortality  (Yancy  1991).  Our  objectives  were  to  (1) 
identify  food  items  consumed  by  coyotes  in  a  bottomland  habitat,  (2)  determine  whether 
food  item  use  varied  among  months  and  years,  and  (3)  compare  coyote  food  item  use  in  a 
bottomland  habitat  to  that  reported  for  upland  habitats. 
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STUDY  AREA 

Summer  food  habits  of  coyotes  were  investigated  at  the  2,466-ha  UCCA  in  southwestern 
Illinois.  UCCA  was  established  in  1947  and  is  managed  primarily  as  a  wintering  area  for 
Canada  geese  ( Branta  canadensis).  UCCA  is  located  on  the  floodplain  of  the  Mississippi 
River.  Topography  is  low  relief,  and  soils  vary  from  very-poorly  drained  to  well  drained 
(Miles  et  al.  1979).  Climate  is  characterized  by  cool  winters,  wet  springs,  and  hot, 
humid  summers  (Page  1949). 

The  native  plant  community  is  bottomland  hardwood  forest.  Dominant  species  include 
sweetgum  ( Liquidambar  styraciflua ),  pecan  ( Carya  illinoensis ),  and  pin  oak  ( Quercus 
palustris )  on  drier  sites,  and  green  ash  ( Fraxinus  pennsylvanicus ),  black  willow  ( Salix 
nigra),  and  cottonwood  ( Populus  deltoides)  on  wetter  sites.  Most  land  with  well-drained 
soil  at  UCCA  has  been  converted  to  agriculture.  Crops  are  grown  primarily  to  provide 
food  for  wintering  Canada  geese  and  include  com,  milo,  winter  wheat,  clover,  and  alfalfa. 

METHODS 

Use  of  food  items  by  coyotes  was  determined  by  analyzing  scat  samples.  During  1984- 
86,  coyote  scats  were  collected  from  along  unpaved  roads  within  UCCA  during  April- 
August.  Scats  were  oven-dried  at  60°C  for  24  hr  to  facilitate  handling. 

Mammalian  remains  in  scats  were  identified  from  teeth  and  bone  fragments  (Glass  1981, 
Roest  1986)  and  guard  hair  characteristics  (Stains  1958,  Adorjan  and  Kolenosky  1969, 
Moore  et  al.  1974).  Avian  remains  were  identified  based  on  feather,  bill,  and  foot 
characteristics.  Seeds  of  fleshy  fruits  were  identified  by  comparison  to  known  specimens 
(U.S.  Department  of  Agriculture  1974). 

Frequency  of  occurrence  of  items  in  scats  was  compared  among  years  and  months  using 
two-way  contingency  table  analyses  and  Chi-square  tests.  Those  items  occurring  in  > 
10%  of  scats  in  >  2  years  or  >  2  months  were  used  in  statistical  analyses.  All  other 
items  were  combined  into  an  "other"  category  for  statistical  purposes.  P-values  <  0.05 
were  considered  significant. 


RESULTS 


Annual  item  Use 

For  all  years  combined,  small  rodents  were  the  most  frequently  occurring  item  in  summer 
coyote  scats  at  UCCA  (Table  1)  followed  by  birds,  June  beetles,  fawns,  rabbits 
( Sylvilagus  spp.),  muskrats,  adult  deer,  and  squirrels  ( Sciurus  spp.).  Items  occurring  in  < 
10%  of  scats  included  raccoons  ( Procyon  lotor ),  woodchucks  ( Marmota  monax ),  corn, 
persimmons  ( Diospyros  virginiana ),  and  blackberries  ( Rubus  spp.). 

Summer  food  item  use  by  coyotes  differed  significantly  between  all  years  (1984  and  1985: 
X2  =  43.2,  8  df,  P  <  0.01;  1985  and  1986:  X2  =  55.3,  8  df,  P  <  0.01;  1984  and  1986; 
X  =  37.3,  8  df,  P  <  0.01).  Small  rodents,  primarily  microtines  (prairie  voles  [Microtus 
ochrogaster ]  and  southern  bog  lemmings  [Synaptomys  cooperi ]),  were  the  most  frequently 
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occurring  item  in  all  years  combined,  1984,  and  1986,  with  the  highest  frequency 
occurring  in  1986  (56.4%).  Birds  were  the  most  frequently  occurring  item  in  1985.  In 
1984,  rabbits,  birds,  and  June  beetles  were  tied  as  the  second  most  frequently  occurring 
item,  and  were  followed  by  fawns  and  squirrels.  In  1985,  small  rodents  were  the  second 
most  frequently  occurring  item  followed  by  fawns,  rabbits,  adult  deer,  and  June  beetles. 
In  1986,  birds  were  the  second  most  frequently  occurring  item  followed  by  June  beetles, 
muskrats,  squirrels,  and  fawns. 

Monthly  Item  Use 

Frequency  of  occurrence  of  items  consumed  by  coyotes  varied  among  months  (X2  = 
341.9,  36  df,  P  <  0.01).  Small  rodents  were  the  most  frequently  occurring  item  in  all 
months  except  June  when  fawns  were  the  most  common  item  (Table  2).  Other  frequently 
occurring  items  (>  10%  of  scats)  in  each  month  included:  April  -  birds  and  rabbits;  May  - 
birds,  June  beetles,  and  rabbits;  June  -  birds,  small  rodents,  and  June  beetles;  July  - 
fawns;  and  August  -  corn,  adult  deer,  and  muskrats. 

DISCUSSION 


Annual  Item  Use 

Small  rodents,  particular  microtines,  appear  to  be  a  staple  summer  food  item  for  coyotes 
at  UCCA.  Microtine  rodents  also  were  important  food  items  in  summer  for  coyotes 
inhabiting  upland  habitats  at  Crab  Orchard  National  Wildlife  Refuge  (CONWR)  in  nearby 
Williamson  County  (Westmoreland  and  Woolf  1981,  Cypher  1991)  and  at  Dixon  Springs 
Agricultural  Center  in  Pope  County  (Priest  1986).  The  peak  occurrence  of  small  rodents 
in  1986  is  consistent  with  data  from  CONWR  (Cypher  1991).  Microtine  rodent 
populations  can  be  cyclic  and  may  have  peaked  regionally  in  1986.  When  abundant, 
microtines  may  constitute  an  efficient  item  upon  which  to  forage,  and  may  reduce 
predation  on  other  prey  species  (Cypher  1991).  At  UCCA,  occurrence  of  fawns,  and  adult 
deer  and  rabbits  in  coyote  scats  was  lowest  in  1986. 

Rabbits  typically  are  a  staple  food  item  for  coyotes  in  upland  habitats  but  appeared  to  be 
less  important  at  UCCA.  Rabbit  was  the  most  frequently  occurring  summer  food  item  at 
CONWR  (Cypher  1991)  and  in  west-central  Illinois  (Jones  1982),  and  also  was  important 
at  Land  Between  the  Lakes  (LBL)  in  Kentucky  (Blanton  1985).  Whether  the  reduced 
importance  of  rabbits  at  UCCA  was  a  function  of  lower  rabbit  abundance  in  bottomland 
habitats  or  higher  availability  of  other  items  is  unknown. 

White-tailed  deer  fawns  were  another  important  food  item  in  summer  for  coyotes  at 
UCCA.  Fawns  were  the  first  and  third  most  frequently  occurring  item  in  coyote  scats 
from  LBL  (Blanton  1985)  and  CONWR  (Cypher  1991),  respectively.  Overall,  fawns 
were  ranked  fourth  in  frequency  of  occurrence  at  UCCA.  However,  use  of  fawns  may 
have  been  high  relative  to  availability.  Of  25  fawns  radiocollared  during  1984-86  and 
dying  of  natural  causes,  76%  apparently  were  killed  by  coyotes  (Yancy  1991).  Neonatal 
fawns  at  UCCA  were  concentrated  in  narrow  strips  of  cover  between  agricultural  fields  and 
flooded  woodlands.  These  strips  probably  are  heavily  used  foraging  habitat  for  coyotes 
resulting  in  the  observed  high  predation  rate  on  fawns.  Additionally,  coyotes  may 
continue  to  prey  on  fawns  in  early  summer  even  when  other  food  items  are  abundant 
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because  fawns  are  a  relatively  large  prey  item  and  may  constitute  a  more  efficient  prey 
item  for  coyotes  transporting  food  to  young  (Harrison  and  Harrison  1984,  Cypher  1993). 

Among  other  mammalian  prey  items,  muskrats  occurred  in  coyote  scats  in  all  years,  and 
were  the  fourth-ranked  item  in  1986.  Muskrat  availability  is  higher  in  bottomland 
habitats,  such  as  UCCA.  Muskrats  also  commonly  occurred  in  coyote  scats  at  CONWR 
where  lakes,  ponds,  and  other  wetlands  provided  abundant  habitat  for  this  semi-aquatic 
rodent.  Adult  deer  in  coyote  scats  was  probably  consumed  as  carrion  because  coyotes  are 
not  efficient  predators  of  adult  deer  (Berg  and  Chesness  1978,  Parker  1986). 

Use  of  birds  by  coyotes  was  high  at  UCCA  compared  to  upland  habitats.  Occurrence  of 
birds  in  coyote  scats  at  CONWR  was  17.1%  overall  (mostly  attributable  to  consumption 
of  Canada  goose  in  winter)  and  6.5%  in  summer  (Cypher  1991).  Whether  the  frequent 
occurrence  of  bird  in  UCCA  scats  reflects  higher  availability  of  this  food  resource  in 
bottomland  habitats  is  unclear.  Most  avian  remains  consisted  of  small,  non-descript 
feathers  and  were  unidentifiable.  Among  identifiable  remains,  most  were  Canada  goose 
with  occasional  passerines.  Canada  goose  consumed  by  coyotes  between  April  and 
August  likely  was  carrion  from  winter  and  harvest-related  mortality,  or  debilitated  birds 
unable  to  migrate.  Although  Canada  goose  was  a  secondary  food  item  for  coyotes  in 
summer  at  UCCA,  geese  likely  are  an  important  dietary  constituent  in  winter  and  spring. 
Each  winter,  over  100,000  Canada  geese  may  winter  at  UCCA  (Tacha  1989).  Canada 
geese  were  an  important  component  of  coyote  diets  at  CONWR  where  up  to  150,000 
geese  overwinter  each  year  (Cypher  1991). 

June  beetles  were  the  third  most  frequently  used  item  by  coyotes  at  UCCA.  This  ranking 
likely  overestimates  the  importance  of  June  beetles  as  a  food  resource  because  many 
beetle  occurrences  consisted  of  one  or  two  individuals  in  scats  composed  mostly  of  other 
items.  Regardless,  insects  can  be  important  components  of  coyote  diets,  particularly 
coleopterans  such  as  June  beetles  and  orthopterans  such  as  grasshoppers.  At  CONWR, 
June  beetles  occurred  frequently  in  coyote  scats  in  late  spring  and  early  summer  (Cypher 
1991),  and  insects  in  general  are  an  important  summer  food  item  (Westmoreland  and 
Woolf  1981,  Cypher  1991). 

Use  of  fleshy  fruit  by  coyotes  was  relatively  low  at  UCCA  compared  to  upland  habitats. 
Persimmons  occurred  frequently  in  late  summer  scats  and  use  of  this  item  likely  increased 
in  fall,  as  observed  in  many  local  upland  habitats  (Jones  1982,  Priest  1985,  Cypher 
1991).  However,  use  of  other  summer  fruits  was  conspicuously  low.  Limited  use  of 
blackberries  ( Rubus  spp.)  was  observed.  Summer  fruits  used  by  coyotes  in  nearby  upland 
habitats  include  wild  plum  ( Prunus  americana)  (Cypher  1991),  black  cherry  ( Prunus 
serotina)  (Blanton  1985,  Cypher  1991),  and  mulberry  ( Morus  spp.)  (Jones  1982). 
Differences  in  fruit  use  between  bottomland  and  upland  habitats  likely  reflects 
availability.  Corn  occurred  frequently  in  coyote  scats  as  has  been  reported  from  many 
other  locations.  Corn  is  grown  at  UCCA  to  provide  food  for  overwintering  Canada  geese. 

Miscellaneous  items  (<  5  occurrences  in  coyote  scats  at  UCCA)  included  livestock  (cows 
and  pigs),  opossums  ( Didelphis  virginiana),  tupelo  fruits  ( Nyssa  sylvatica ),  turtle  eggs, 
fish,  deer  mice  ( Peromyscus  spp.),  crayfish  (Decapoda),  and  refuse.  These  items  likely 
reflect  opportunistic  foraging  by  coyotes.  Coyote  predation  on  cows  and  pigs  is 
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infrequent  (Phillips  and  Hubert  1980,  Jones  1982)  and  livestock  were  not  present  on 
UCCA.  Thus,  livestock  in  coyotes  scats  was  likely  carrion  consumed  off-refuge. 

Monthly  Item  Use 

Variation  in  coyote  food  item  use  among  months  likely  reflects  item  availability.  The 
high  occurrence  of  small  rodents  in  scats  in  all  months  further  indicates  that  this  item  is  a 
staple  food  for  coyotes  at  UCCA.  Small  rodents  were  the  most  frequently  occurring  item 
in  all  months  except  June  when  fawns  were  the  most  frequently  occurring  item.  Fawn 
parturition  peaks  in  early  June  (Yancy  1991)  and  neonates  are  extremely  vulnerable  to 
coyote  predation  from  approximately  2-10  weeks  of  age  (Garner  et  al.  1976,  Nelson 
1984).  Fawn  occurrence  in  scats  ranked  second  in  July  and  was  only  slightly  less  than 
small  rodent  occurrence.  As  stated  previously,  predation  pressure  on  fawns  may  be  high 
because  reproducing  coyotes  may  specifically  search  for  fawns  to  feed  weaned  and  rapidly 
growing  young. 

The  relatively  high  occurrence  of  adult  deer  in  August  scat  samples  may  be  misleading. 
Coyotes  are  not  efficient  predators  of  healthy  adult  deer,  and  the  "adult"  deer  consumed  in 
August  likely  were  fawns  that  had  begun  to  molt  juvenile  pelage. 

Occurrence  of  rabbits  in  scats  was  relatively  high  in  April  and  May,  but  relatively  low  in 
other  months.  This  probably  does  not  reflect  a  decline  in  rabbit  availability  as  much  as 
an  increase  in  availability  of  preferred  or  easier  items  (e.g.,  fruit).  Birds,  mostly  Canada 
goose,  also  occurred  relatively  frequently  in  April,  most  likely  due  to  the  availability  of 
goose  carrion  and  cripples,  as  discussed  previously.  Use  of  June  beetles  in  May  and  June 
reflects  peak  availability  of  this  item.  The  increased  occurrence  of  com  in  July  and 
August  scats  coincides  with  the  highly  palatable  "milk  stage"  of  this  crop.  Persimmon 
use  in  August  coincided  with  fruit  ripening. 

CONCLUSIONS 

Summer  food  item  use  by  coyotes  at  UCCA  varied  annually  and  monthly.  The  items 
used  were  similar  among  periods  but  proportional  use  of  these  items  differed,  probably 
due  to  variable  item  availability.  Item  use  in  this  bottomland  habitat  was  similar  to  that 
in  nearby  upland  habitats  with  some  exceptions.  Use  of  rabbits  and  fruit  was  relatively 
low  and  use  of  birds  and  muskrats  was  relatively  high  compared  to  results  from  upland 
habitats.  These  differences  likely  reflect  habitat-specific  item  availability. 
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Table  1.  Annual  comparison  of  summer  food  itemuse  by  coyotes  at  Union  County 
Conservation  Area,  Illinois,  1984-86. 


Frequency  of  Occurrence  (%) 

Itema 

1984  1985  1986 

n=l  14  n=187  n=195 

Total 

n=496 

VERTEBRATES 


Adult  deer 

10.5 

21.4 

7.7 

13.5 

Fawn  deer 

21.9 

22.5 

15.4 

19.6 

Rabbit 

28.9 

21.4 

6.7 

17.3 

Small  rodent 

40.4 

34.8 

56.4 

44.8 

Squirrel 

16.7 

4.3 

15.9 

11.7 

Woodchuck 

0.0 

7.0 

2.1 

3.4 

Muskrat 

7.0 

15.5 

17.4 

14.3 

Raccoon 

4.4 

4.8 

4.6 

4.6 

Bird 

28.9 

37.4 

30.8 

32.9 

INVERTEBRATES 

June  beetle 

28.9 

16.6 

22.1 

21.6 

Other 

1.8 

3.2 

9.2 

5.2 

FRUIT 

Com 

2.6 

10.2 

7.7 

7.5 

Persimmon 

0.0 

1.1 

5.6 

2.6 

Blackberry 

0.9 

5.3 

1.5 

2.8 

aItems  occurring  in  >  10  scat  samples. 
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Table  2.  Monthly  food  item  use  by  coyotes  during  summer  at  Union  County 
Conservation  Area,  Illinois,  1984-86. 


Frequency  of  Occurrence  (%) 


Itema 

Apr. 

n=98 

May 

n=142 

June 

n=119 

July 

n=66 

Aug. 

n=71 

VERTEBRATES 

Adult  deer 

19.4 

6.3 

9.2 

10.6 

29.6 

Fawn  deer 

1.0 

4.9 

46.2 

39.4 

11.3 

Rabbit 

29.6 

21.8 

13.4 

10.6 

4.2 

Small  rodent 

59.2 

56.3 

26.1 

40.9 

43.7 

Squirrel 

10.2 

16.2 

15.1 

4.5 

5.6 

Woodchuck 

1.0 

6.3 

2.5 

4.5 

1.4 

Muskrat 

18.4 

12.0 

7.6 

15.2 

23.9 

Raccoon 

11.2 

7.0 

0.8 

0.0 

1.4 

Bird 

48.0 

41.5 

30.3 

10.6 

19.7 

INVERTEBRATES 

June  beetle 

12.2 

38.7 

25.2 

12.1 

4.2 

Other 

1.0 

4.2 

1.7 

1.5 

0.0 

FRUIT 

Com 

0.0 

0.0 

0.0 

15.2 

38.0 

Persimmon 

0.0 

0.0 

0.0 

0.0 

18.3 

Blackberry 

0.0 

3.5 

6.7 

1.5 

0.0 

aItems  occurring  in  >  10  scat  samples. 
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ABSTRACT 

The  Illinois  fauna  of  the  subfamily  Triplacinae  (Coleoptera:  Erotylidae)  includes  3  known 
genera:  Triplax  Herbst,  Ischyrus  Lacordaire  and  Tritoma  Fabricius.  The  eight  species  of 
Triplax  and  the  single  species  of  Ischyrus  known  to  occur  in  Illinois  are  treated  in  this 
paper.  Three  new  records  for  Illinois  are  reported:  Triplax  macra  LeConte;  Triplax  f estiva 
Lacordaire;  and  Triplax  puncticeps  Casey.  Keys  to  the  identification  of  adults,  descriptions 
of  each  species,  habitus  drawings  and  distribution  maps  are  provided.  Fungal  host 
relationships  of  each  species  are  reported  and  discussed. 

The  family  Erotylidae  includes  colorful  fungus  feeding  beetles  commonly  called  "pleasing 
fungus  beetles".  They  are  world  wide  in  distribution  with  over  2000  described  species. 
The  family  was  comprehensively  revised  for  North  America  by  Boyle  in  1956.  Of  the  44 
genera  reported  from  the  New  World  (Blackwelder  1945;  Boyle  1956);  10  genera  and  49 
species  are  known  north  of  Mexico  (Boyle  1956,  1962;  Goodrich  &  Skelley  1991a). 
Within  the  subfamily  Triplacinae,  6  genera  and  40  species  occur  nationally.  The  purpose 
of  this  series  of  papers  is  to  provide  a  complete  list  of  the  Erotylidae  occurring  in  Illinois, 
keys  and  descriptions  of  adults  of  each  species  for  identification,  distribution  maps  of  their 
occurrence  within  the  state,  and  descriptions  of  their  biology  and  host  relationships.  Part 
I  of  this  series  covered  the  subfamily  Dacninae  (Goodrich  &  Skelley  1991b);  this  paper 
covers  two  of  the  three  genera  of  Triplacinae  occurring  in  Illinois. 

The  family  Erotylidae  can  be  separated  from  other  beetles  by  their  convex  elongate-oval  to 
ovoid  shape,  3-4  segmented  antennal  club  which  is  often  capitate,  5-5-5  tarsal  formula, 
which  is  sometimes  modified  to  a  pseudotetramerous  condition,  glabrous  body  surface, 
closed  procoxal  cavities,  well  developed  maxillary  palps  which  are  often  expanded 
apically,  and  frequently  bright  color  patterns.  For  a  comparison  to  similar  families  and 
for  a  general  description  of  their  biology  see  Goodrich  &  Skelley  (1991b).  Our 
comprehensive  treatment  of  the  host  preferences  of  North  American  Erotylidae  (Skelley, 
Goodrich  &  Leschen  1991)  provides  additional  data  on  their  biology. 
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The  Erotylidae  of  North  America  are  widely  distributed  over  the  continent  and  are 
generally  restricted  to  moist  woodland  areas.  No  specimens  have  been  seen  from  the 
Florida  Keys,  northern  Canada,  the  Great  Plains,  or  in  deserts  where  trees  and  their  host 
fungi  are  absent.  Eastern  species,  which  includes  those  occurring  in  Illinois,  tend  to  be 
distributed  east  of  the  100th  Meridian.  However,  some  range  further  west  where  river 
valleys  with  forests  are  present.  In  Illinois,  Erotylidae  occur  wherever  hardwood  forests 
persist,  sometimes  within  urban  settings. 

MATERIALS  AND  METHODS 

In  addition  to  extensive  collecting  by  the  authors,  Illinois  specimens  of  the  subfamily 
Triplacinae  were  borrowed  for  study  from  29  museums  or  private  collections.  A  total  of 
12,493  adult  specimens  of  Ischyrus  and  Triplax  spp.  were  examined  and  identified;  5,070 
of  these  were  from  Illinois.  We  followed  the  taxonomic  treatment  of  Boyle  (1956)  in  our 
study  of  the  Triplacinae.  The  range  of  each  species  was  based  on  specimens  we  have  seen 
and  identified,  and  the  detailed  records  of  Boyle  (1956).  Specimens  studied  are  in  the 
collections  identified  in  the  Acknowledgments  or  in  our  personal  collections. 

Erotylids  were  collected  in  a  wide  variety  of  woodland  fungi,  in  crevices  under  bark  or  in 
other  retreats,  and  in  insect  traps  (Malaise,  flight-intercept,  U-V  light,  and  pitfall).  This 
field  work  provided  information  on  host  relationships  as  well  as  data  on  distribution  and 
seasonal  activity.  Larvae  collected  in  the  field  were  reared  to  adults  in  the  laboratory  by 
placing  the  fungal  host  with  larvae  in  a  well  ventilated,  moist  container  and  allowing 
them  to  complete  development. 


RESULTS 

Three  genera  of  Triplacinae  {Ischyrus  Lacordaire,  Triplax  Herbst  and  Tritoma  Fabricius) 
were  found  to  be  widely  distributed  in  Illinois.  Ischyrus  and  Triplax  are  treated  in  this 
paper.  One  species  of  Ischyrus  and  eight  species  of  Triplax  from  Illinois  were  identified: 
Ischyrus  quadripunctatus  (Olivier),  Triplax  macra  LeConte,  T.  festiva  Lacordaire,  T. 
frontalis  Horn,  T.  thoracica  Say,  T.flavicollis  Lacordaire,  T.  dissimulator  (Crotch),  T. 
puncticeps  Casey,  and  T.frosti  Casey.  Some  of  these  species  are  common  and  widely 
distributed,  while  others  are  represented  in  Illinois  by  a  single  record. 

KEY  TO  ILLINOIS  SUBFAMILIES  OF  EROTYLIDAE 

Fourth  tarsomere  scarcely  reduced,  subequal  in  length  to  the  third  (Fig.  1);  terminal 

segments  of  the  maxillary  palpi  cylindrical  (Fig.  3) . Dacninae 

Fourth  tarsomere  strongly  reduced,  smaller  than  the  bilobed  third  (Fig.  2);  terminal 
segments  of  the  maxillary  palpi  transverse  or  triangular  (Fig.  4) . Triplacinae 

Among  the  North  American  Erotylidae,  the  Triplacinae  are  considered  more  advanced  than 
the  Dacninae.  The  Triplacinae  have  derived  pseudotetramerous  tarsi  and  highly  specialized 
maxillary  palpi  in  which  the  terminal  segments  are  expanded,  often  very  strongly.  In 
contrast,  the  Dacninae  have  the  more  primitive  5-5-5  tarsal  formula  and  cylindrical, 
relatively  unspecialized  terminal  segments  of  the  maxillary  palpi. 
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We  also  find  host  associations  to  be  more  specific  in  the  Triplacinae  than  in  the 
Dacninae.  While  species  of  Triplacinae  are  commonly  restricted  to  one  genus  or  a  few 
closely  related  genera  of  fungi,  Dacninae  often  have  a  wide  diversity  of  hosts  (Goodrich 
and  Skelley  1991b).  The  usual  hosts  of  the  Dacninae  are  polypores,  which  we  have 
speculated  as  ancestral  in  Erotylidae  (Skelley,  Goodrich  &  Leschen  1991). 

KEY  TO  ILLINOIS  GENERA  OF  TRIPLACINAE 

1 .  Eyes  coarsely  faceted  and  relatively  large;  pronotum  and  elytra  bearing  a  piceous  or 

black  pattern  on  a  lighter  background,  pronotum  with  four  black  spots . 

.  Ischyrus  q.  quadripunctatus 

Eyes  finely  faceted  and  relatively  small;  pronotum  and  elytra  not  marked  as 
above .  2 

2.  Prosternal  lines  short,  not  extending  in  front  of  procoxal  cavities  (Fig.  5);  body 

relatively  elongate  oval  .  Triplax 

Prosternal  lines  long,  either  incurved  anteriorly  or  meeting  at  prosternal  apex  (Fig. 
6);  body  relatively  broadly  oval,  tapering  posteriorly . Tritoma  * 

*  This  genus  to  be  treated  in  the  "Erotylidae  of  Illinois  -  Part  III." 

DESCRIPTION  OF  THE  SPECIES 

Genus  Ischyrus  Lacordaire 

This  is  a  largely  neotropical  genus;  68  species  are  described  for  the  New  World.  Only 
four  species  have  been  described  from  the  United  States;  two  of  these  are  restricted  to  the 
American  Southwest  and  one  to  peninsular  Florida  and  southeastern  Georgia  (Skelley  & 
Goodrich  1989).  Only  one  species,  Ischyrus  quadripunctatus ,  is  widely  distributed  in  the 
United  States. 

Ischyrus  quadripunctatus  quadripunctatus  (Olivier) 

Diagnostic  Description.  As  the  only  Illinois  representative  of  the  genus,  this  species  is 
easily  distinguished  from  all  other  Illinois  Erotylidae.  It  has  an  elongate  oval  shape  and 
distinctive  color  pattern.  The  elytra  are  yellowish  brown  with  three  irregular  black 
fasciae;  the  basal  fascia  almost  always  is  divided  into  three  spots,  one  on  each  humerus 
and  one  large  subquadrate  medial  spot.  The  pronotum  is  also  yellowish  brown,  except  for 
a  transverse  row  of  four  black  spots  (Fig.  11).  The  eyes  are  coarsely  faceted  and  large. 
This  is  the  largest  member  of  the  Illinois  Triplacinae,  ranging  from  4.83  to  8.70  mm 
long. 

Range.  Eastern  and  central  North  America,  being  generally  distributed  east  of  the  100th 
Meridian.  The  species  ranges  in  the  north  from  New  York  and  Ontario  westward  to 
Minnesota,  eastern  South  Dakota  and  eastern  Nebraska,  and  in  the  south  from  Florida 
westward  to  eastern  Texas.  It  is  replaced  in  extreme  southern  Texas  by  the  subspecies 
Ischyrus  quadripunctatus  graphicus  Lacordaire,  whose  range  extends  well  into  Mexico. 
Ischyrus  q.  quadripunctatus  is  widely  distributed  in  Illinois,  with  specimens  being  found 
in  all  parts  of  the  state  (Fig.  14). 
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Biology.  Although  we  have  a  large  number  of  collection  records  of  this  species, 
biological  data  is  limited.  We  have  collected  adults  and  reared  the  larvae  of  Ischyrus 
quadripunctatus  most  frequently  from  Oxyporus  latemarginatus  (previously  known  as 
Poria  ambigua ),  a  soft,  white  polypore  that  grows  prostrate  on  the  undersurfaces  of  dead 
tree  trunks  and  limbs.  Weiss  (1920a)  also  reports  rearing  this  beetle  from  Poria  sp.  In 
addition,  Weiss  and  West  (1920)  reported  this  beetle  from  Polyporus  gilvus  (now  referred 
to  as  Phellinus  gilvus).  Ischyrus  quadripunctatus  is  frequently  taken  under  bark  of  a  wide 
variety  of  dead  trees;  they  may  be  feeding  on  fungi  in  these  locations,  or  aestivating  there 
during  dry  periods.  As  one  might  suspect  from  the  large  eye  facets,  Ischyrus 
quadripunctatus  is  nocturnal  and  comes  readily  to  light.  A  large  number  of  specimens  are 
taken  "At  light"  or  in  U-V  light  traps. 

Adult  specimens  have  been  taken  in  Illinois  between  15  February  and  20  November, 
specimens  being  collected  in  every  month  between  those  dates.  Immature  stages  have 
been  described  by  Weiss  (1920a),  Skelley  (1988)  and  Lawrence  (1991). 

Remarks.  There  is  considerable  variation  in  the  relative  size  of  the  pronotal  spots  and  of 
the  elytral  fasciae.  To  some  extent  this  is  geographic,  but  considerable  intrapopulation 
variation  is  found  as  well. 

Specimens  Examined.  We  have  examined  a  total  of  1,673  specimens,  284  of  which  are 
from  Illinois. 

Genus  Triplax  Herbst 

This  genus  is  the  largest  in  North  America,  represented  by  19  species  north  of  Mexico 
(Boyle  1956;  1962).  We  have  records  of  eight  species  occurring  in  Illinois.  Two  of  these 
C Triplax  flavicollis  and  T.  thoracica)  are  among  the  most  common  species  of  erotylids  in 
the  state;  the  others  are  scarce  or  poorly  collected.  Three  new  state  records  are  reported  in 
this  paper. 

Boyle  (1956)  divided  the  genus  Triplax  into  two  species  groups,  based  on  the  study  of 
their  comparative  anatomy,  including  detailed  study  of  the  genitalia.  We  find  this 
classification  entirely  justified  by  our  study  of  their  host  preferences  (Skelley,  Goodrich  & 
Leschen  1991).  Members  of  species  group  thoracica  feed  almost  exclusively  on  the  gilled 
fungus  Pleurotus ,  while  members  of  the  species  group  macra  are  usually  associated  with 
the  polypore  genus  Inonotus.  With  the  exception  of  the  striking  Triplax  f estiva,  all  of  our 
Illinois  Triplax  species  have  a  uniform  color  pattern,  with  a  red  pronotum  and  black 
elytra.  This  complicates  identification  for  the  non-specialist.  The  following  key  should 
serve  as  an  aid  to  identify  the  species  of  Triplax  of  Illinois. 
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KEY  TO  THE  ILLINOIS  SPECIES  OF  TRIPLAX 


1 .  Sides  of  the  epistomal-frontal  region  of  the  head  strongly,  narrowly  margined;  apical 

angles  sharp,  approximately  right-angled  (Fig.  7);  antennae  entirely  black  beyond 

the  second  segment .  Species  group  macra  2 

Sides  of  epistomal-frontal  region  weakly,  widely,  or  not  at  all  margined;  apical 
angles  rounded,  obtusely  angled  (Fig.  8);  antennae  with  at  least  part  of  the  stem  in 
addition  to  segments  1  and  2  lighter  in  color . Species  group  thoracic  a  4 

2.  Head  entirely  red .  macra 

Head  mostly  or  entirely  black .  3 


3.  Elytra  black  with  a  broad  transverse  orange  band  (Fig.  13) . f estiva 

Elytra  entirely  black . frontalis 


4.  Elytra  distinctly  margined  basally;  meso-  and  metathorax  piceous  to  black . 5 

Elytra  indistinctly  or  not  margined;  meso-  and  metathorax  orange . 6 


5.  Pronotum  without  pronotal  spots;  width  of  8th  antennal  segment  greater  than  the  7th 

(Fig.  9) .  flavicollis 

Pronotum  bearing  one  or  two  medial  piceous  spots;  8th  antennal  segment  subequal 
in  width  to  the  7th  (Fig.  10)  .  dissimulator 

6.  Terminal  segments  of  maxillary  palpi  weakly  widened,  not  more  than  twice  as  wide  as 

long .  puncticeps 

Terminal  segments  of  maxillary  palpi  strongly  widened,  more  than  three  times  as 
wide  as  long .  7 

7.  Elytral  intervals  distinctly  punctate  basally;  scutellum  darker  than  pronotum 

.  .  thoracica 

Elytral  intervals  smooth  basally;  scutellum  yellow,  concolorous  with  pronotum 

.  frosti 


Species  group  thoracica 

This  is  the  larger  of  the  two  species  groups,  with  12  species  nationally,  five  of  which 
have  been  recorded  from  Illinois.  This  group  includes  the  two  common  species,  Triplax 
flavicollis  and  T.  thoracica ,  which  are  widely  distributed  throughout  the  state.  These 
species  are  frequently  collected  because  their  host  fungi  ( Pleurotus  spp.)  have  large, 
conspicuous  basidiocarps.  Of  the  remaining  three  Illinois  species  in  the  thoracica  group, 
one  (T.  puncticeps )  is  a  southern  species  whose  range  extends  only  into  the  southernmost 
counties,  and  two  (T.  frosti  and  T.  dissimulator )  are  northern  species,  each  with  only  one 
record  for  Illinois. 

Triplax  thoracica  Say 

Diagnostic  Description.  This  is  one  of  the  two  common  species  of  Triplax  in  Illinois 
with  a  red  pronotum  and  black  elytra  (Fig.  12).  It  is  distinguished  from  macra,  frontalis 
and  f estiva  by  the  shape  of  the  epistomal  region  as  described  in  the  key  and  by  the  light 
colored  stem  of  the  antennae;  from  flavicollis  and  dissimulator  by  the  uniformly  orange 
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undersurface  and  the  absence  of  basal  elytral  margins;  from  puncticeps  by  the  strongly 
widened  distal  joints  of  the  maxillary  palpi;  and  from  frosti  by  the  dark  scutellum  and 
punctate  elytral  intervals.  Overall  length  ranges  from  3.04  to  5.60  mm. 

Range.  Eastern  and  central  North  America,  ranging  in  the  north  from  New  Brunswick 
westward  to  Alberta,  and  in  the  south  from  Florida  to  New  Mexico.  It  occurs  east  of  the 
Rockies  where  suitable  deciduous  forests  exist,  and  is  absent  only  from  the  dry  prairie 
areas  of  the  central  plains.  Trip  lax  thoracic  a  is  widely  distributed  in  Illinois,  with 
specimens  being  found  in  all  parts  of  the  state  (Fig.  15). 

Biology.  We  have  host  records  for  over  1,000  specimens  of  this  species,  over  98%  of 
which  are  of  Pleurotus  ostreatus  (Skelley,  Goodrich  &  Leschen  1991).  All  our  Illinois 
host  records  are  from  this  fungus.  In  addition,  P.  ostreatus  is  the  only  fungus  from  which 
we  have  successfully  reared  the  larvae.  The  association  of  Triplax  thoracica  with 
Pleurotus  ostreatus  is  also  reported  by  Weiss  (1920b),  Boyle  (1956)  and  Chantal  (1979). 
Weiss  &  West  (1921)  reported  T.  thoracica  from  Amanita  rubescens.  We  speculate  that 
this  record  was  a  misidentification  of  the  beetle.  Tritoma  biguttata  affinis  Lacordaire,  an 
erotylid  that  also  has  a  red  pronotum  and  black  elytra,  regularly  feeds  and  develops  in 
Amanita  spp. 

During  our  field  work,  we  have  observed  that  adults  of  Triplax  thoracica  are  frequently 
associated  with  adults  of  T.flavicollis ,  although  when  larvae  are  found  with  both  species 
of  adults,  the  larvae  almost  invariably  prove  to  be  of  only  one  species.  Adult  specimens 
of  T.  thoracica  have  been  taken  in  Illinois  in  every  month  except  February.  In  most  of 
the  state,  they  are  much  more  common  in  the  spring  and  fall  than  in  mid-summer.  For 
example,  in  east  central  Illinois  we  have  collected  or  reared  277  specimens  from  March 
through  June,  only  16  specimens  in  July  and  August,  and  283  specimens  in  September 
through  November.  In  March,  we  have  taken  it  in  association  with  Cerylon  sp. 
(Coleoptera:  Cerylonidae)  and  in  November  with  Derodontus  maculatus  (Melsheimer) 
(Coleoptera:  Derodontidae).  Specimens  have  been  collected  more  frequently  in  July  and 
August  in  the  northern  counties  of  Illinois.  The  immature  stages  have  been  described  by 
Skelley  (1988). 

Remarks.  The  scarcity  of  T.  thoracica  in  the  summer  is  the  reverse  of  the  situation 
observed  with  T.flavicollis ,  which  is  most  numerous  during  the  summer  months. 

Specimens  Examined.  We  have  examined  a  total  of  2,925  specimens,  of  which  996  are 
from  Illinois. 

Triplax  flavicollis  Lacordaire 

Diagnostic  Description.  This  is  the  second  of  the  two  common  species  of  Triplax  in 
Illinois.  It  is  similar  in  structure  to  T.  thoracica  and  similarly  marked  above,  with  a  red 
pronotum  and  black  elytra.  Although  it  is  frequently  collected  with  thoracica ,  it  is 
immediately  distinguished  by  the  black  undersurface  of  the  abdomen  and  pterothorax. 
Triplax  flavicollis  is  also  distinguished  from  T.  thoracica  by  the  margined  elytral  bases 
and  the  generally  smaller  body  size.  Triplax  dissimulator  is  similar  to  T.flavicollis  in 
possessing  margined  elytra  and  a  dark  undersurface,  but  it  is  recognized  by  the  presence  of 
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dark  pronotal  spots  and  smaller  8th  antennomeres.  Overall  length  ranges  from  2.28  to 
4.50  mm. 

Range.  Eastern  and  central  North  America,  ranging  in  the  north  from  New  England  and 
Quebec  westward  to  Manitoba  and  eastern  South  Dakota,  and  from  Florida  westward  to 
eastern  Texas,  being  generally  distributed  east  of  the  100th  meridian.  Two  other  isolated 
populations  have  been  found,  one  in  southern  Alberta  and  British  Columbia  and  one 
centered  in  Colorado.  Triplax  flavicollis  is  widely  distributed  in  Illinois,  with  specimens 
being  found  in  all  parts  of  the  state  (Fig.  16). 

Biology.  We  have  host  records  for  over  2,000  specimens  of  this  species;  over  99%  of 
these  are  from  Pleurotus  ostreatus.  All  our  Illinois  records  are  from  this  fungus.  We  have 
reared  the  larvae  from  Pleurotus  a  number  of  times,  involving  hundreds  of  specimens. 
Except  for  one  record  from  Partus  strigosus ,  the  larvae  have  not  been  found  in  any  other 
host  (Skelley,  Goodrich  &  Leschen  1991).  The  association  of  T.  flavicollis  with 
Pleurotus  is  also  reported  by  Weiss  (1920b),  Weiss  &  West  (1920),  Froeschner  & 
Meiners  (1953),  Boyle  (1956)  and  Chantal  (1979). 

Adult  specimens  of  T.  flavicollis  have  been  collected  in  Illinois  in  every  month  from 
April  to  October  and  in  the  most  southern  portions  of  the  state  up  to  December. 
Although  sympatric  with  T.  thoracica  and  utilizing  the  same  fungal  host,  T.  flavicollis  is 
more  a  summer  species  than  thoracica.  In  east  central  Illinois  we  have  collected  or  reared 
366  specimens  from  late  April  through  June,  2,238  in  July  and  August  and  513  in 
September  and  October,  just  the  reverse  of  the  frequency  of  occurrence  described  earlier  for 
T.  thoracica.  The  immature  stages  have  been  described  by  Skelley  (1988). 

Remarks.  Both  Triplax  flavicollis  and  T.  thoracica  have  been  taken  several  times  in 
Pleurotus  ostreatus  in  association  with  another  erotylid,  Dacne  quadrimaculata  (Say). 

Specimens  Examined.  We  have  examined  a  total  of  5,262  specimens,  of  which  3,346  are 
from  Illinois. 

Triplax  puncticeps  Casey 

Diagnostic  Description.  This  species  is  similar  to  T.  thoracica  in  size  and  markings,  and 
thus  has  been  long  confused  with  that  species.  However,  it  is  more  elongate  and  parallel 
sided  than  T.  thoracica  and  T.frosti.  Triplax  puncticeps  is  most  easily  recognized  by  the 
distinctive  maxillary  palpi,  which  are  less  strongly  expanded  at  the  apex  than  in  thoracica , 
flavicollis  and  frosti.  This  characteristic  is  concordant  with  several  other  distinctive 
characteristics  of  the  external  morphology  as  well  as  distinctive  male  genitalia  (Boyle 
1956).  Overall  length  ranges  from  3.73  to  5.66  mm. 

Range.  Boyle  reported  this  species  only  from  the  southeastern  states,  from  North 
Carolina  to  Texas.  We  have  found  it  to  be  much  more  widely  distributed,  ranging  from 
North  Carolina  to  Florida  in  the  east  and  as  far  west  as  Illinois,  Kansas,  Arkansas  and 
Oklahoma.  It  is  a  southern  species,  which,  like  many  other  Triplax  spp.,  is  stopped  by 
the  dry  conditions  west  of  the  100th  meridian.  Although  previously  unreported  from 
Illinois,  we  have  four  collection  records,  amounting  to  16  specimens,  all  taken  in  the 
southernmost  region  of  the  state  (Alexander,  Massac  and  Union  counties). 
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Biology.  We  now  have  a  number  of  host  records  for  Triplax  puncticeps',  all  of  these  are 
from  Pleurotus  spp.  (Skelley,  Goodrich  &  Leschen  1991).  Shepard  (1976)  also  reports 
this  species  from  Pleurotus  sp.,  in  association  with  Derodontus  maculatus.  Although  the 
larvae  have  not  yet  been  reared  in  this  species,  it  seems  likely  that  they  too  will  be  found 
in  Pleurotus  ostreatus.  We  have  a  number  of  records  of  adult  Triplax  puncticeps  being 
taken  with  T.  thoracica  and/or  with  T.flavicollis. 

Adult  specimens  have  been  taken  in  Illinois  in  October  and  November,  plus  one  specimen 
in  May.  Throughout  its  range,  T.  puncticeps  seems  to  be  active  only  during  the  colder 
months.  Nationally,  we  have  examined  120  specimens  taken  between  late  September  and 
February,  with  only  1 1  between  March  and  May,  and  none  at  all  from  June  through 
September!  This  winter  activity  is  also  reported  for  Oklahoma  by  Shepard  (1976).  The 
immature  stages  are  undescribed. 

Remarks.  This  species  has  long  been  considered  a  rare  or  uncommon  species.  In  his 
revision  of  the  family  for  North  America,  Boyle  (1956)  examined  and  identified  over 
14,000  erotylids,  but  saw  only  34  specimens  of  T.  puncticeps.  However,  it  would  now 
appear  that  this  small  number  was  a  result  of  the  seasonal  activity  period  for  the  species, 
causing  it  to  be  poorly  collected.  Karl  Stephan  (personal  communication)  reports  that  T. 
puncticeps  is  the  most  common  Triplax  in  eastern  Oklahoma  in  the  fall  and  winter 
periods.  Although  Triplax  spp.  are  frequently  found  together  feeding  on  Pleurotus ,  there 
appears  to  be  a  substantial  seasonal  partitioning  of  the  habitat. 

Specimens  Examined.  We  have  examined  a  total  of  134  specimens,  of  which  16  are  from 
Illinois. 

Triplax  frosti  Casey 

Diagnostic  Description.  This  species  is  most  similar  to  T.  thoracica ,  having  broadly 
expanded  maxillary  palpi  and  similar  body  shape,  size  and  coloration.  Triplax  frosti  is 
externally  distinguished  from  thoracica  by  its  impunctate  elytral  strial  intervals,  orange 
scutellum,  and  a  series  of  other  consistently  concordant  morphological  characteristics, 
including  the  distinctive  male  genitalia,  illustrated  by  Boyle  (1956).  Overall  length 
ranges  from  3.31  to  5.39  mm. 

Range.  Northeastern  North  America  from  Virginia  to  Maine  and  Quebec,  westward  across 
the  Great  Lakes  region  to  Nebraska,  North  Dakota,  Alberta  and  British  Columbia.  Boyle 
(1956)  recorded  one  specimen  labelled  "Northern  Illinois."  We  have  seen  no  additional 
examples  from  Illinois,  but  have  seen  many  from  Michigan  and  Wisconsin,  including 
some  specimens  collected  only  a  few  miles  from  the  state  line  in  Kenosha  Co.,  WI.  In 
addition,  we  have  seen  one  specimen  from  Brown  Co.,  Indiana,  approximately  72  miles 
east  of  the  Illinois  border. 

Biology.  We  have  a  number  of  host  records  for  Triplax  frosti ;  all  of  these  are  of 
Pleurotus  spp.  (Skelley,  Goodrich  &  Leschen  1991).  Boyle  (1956)  and  Chantal  (1979) 
also  reported  this  beetle  associated  with  Pleurotus  ostreatus.  As  with  the  other  species  in 
species  group  thoracica ,  Triplax  frosti  may  be  taken  with  other  Triplax  species.  We  have 
several  records  of  T.  frosti  collected  in  association  with  T.  thoracica ,  with  which  it  is 
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sympatric  over  much  of  its  range.  We  also  have  a  recent  record  of  a  specimen  taken  in 
Maine  with  a  series  of  15  T.  dissimulator. 

The  sole  record  of  this  species  from  Illinois  gives  no  date  of  collection,  stating  only 
"Northern  Illinois"  (Boyle,  1956).  However,  in  Michigan,  Wisconsin  and  Minnesota  we 
have  numerous  records  of  adults  in  every  month  from  May  to  September.  The  immature 
stages  are  undescribed. 

Remarks.  This  is  a  northern  species,  whose  range  must  extend  into  northern  Illinois.  It 
should  be  looked  for  in  wooded  areas  in  the  northern  counties,  from  Lake  Co.  to  Jo 
Daviess  Co. 

Specimens  Examined.  We  have  examined  a  total  of  228  specimens,  but  none  from 
Illinois. 

Triplax  dissimulator  (Crotch) 

Diagnostic  Description.  This  species  is  similar  to  T.  flavicollis  in  the  piceous 
undersurface  and  emarginate  elytral  bases,  both  characteristics  which  distinguish  it  from 
all  other  Illinois  members  of  species  group  thoracic  a.  It  is  readily  distinguished  from 
flavicollis  by  the  presence  of  dark  spots  on  the  pronotum.  Typically  there  are  two  dark 
spots,  one  at  the  mid-point  of  the  anterior  margin  and  one  at  the  middle  of  the  posterior 
margin.  These  spots  are  sometimes  confluent,  forming  a  stripe  along  the  midline  of  the 
pronotum.  One  or  both  spots  may  be  weak  in  some  specimens.  In  addition, 
antennomere  #8  is  subequal  in  width  to  #7,  rather  than  larger,  as  in  flavicollis  (see  Figs. 
9  &  10).  A  series  of  other  small,  but  concordant  characteristics  of  external  morphology, 
and  distinctive  male  genitalia  are  described  by  Boyle  (1956).  Overall  length  ranges  from 
3.04  to  4.76  mm. 

Range.  This  is  another  northern  species,  ranging  in  the  east  from  New  Jersey  north  to 
Maine  and  Quebec,  then  westward  across  the  Great  Lakes  to  Minnesota  and  Alberta.  We 
have  examined  numerous  specimens  from  Michigan  and  Wisconsin,  but  only  a  single 
specimen  from  Illinois.  The  sole  record  of  this  species  from  Illinois  is  the  type  specimen 
in  the  Ulke  Collection  (Carnegie  Museum),  described  by  Crotch  (1873).  However,  the 
frequency  of  the  Michigan  and  Wisconsin  records  suggests  it  is  likely  to  be  present  in  our 
northern  counties. 

Biology.  We  have  four  separate  collection  records  from  Pleurotus  sp.,  amounting  to  a 
total  of  31  specimens,  and  have  successfully  reared  137  specimens  from  a  mass  of 
Pleurotus  ostreatus  brought  back  to  Illinois  from  Maine.  In  addition,  a  single  specimen 
has  been  collected  from  Hypsizygus  tessulatus  (previously  described  as  Pleurotus  ulmus ) 
(Skelley,  Goodrich  &  Leschen  1991).  Triplax  dissimulator  is  also  reported  from 
Pleurotus  sp.  by  Boyle  (1956)  and  Chantal  (1979).  This  species  has  been  taken  in 
association  with  T.  thoracica,  with  which  it  is  sympatric  over  much  of  its  range. 

The  only  record  of  this  species  from  Illinois  (the  Crotch  type)  bears  no  date  of  collection. 
However,  in  Michigan  and  Wisconsin  we  have  numerous  records  of  adults  in  every  month 
from  May  to  August.  The  immature  stages  are  undescribed,  but  we  have  recently 
collected  specimens  at  hand  and  expect  to  describe  them  in  the  near  future. 
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Specimens  Examined.  We  have  examined  a  total  of  352  specimens,  including  the  only 
known  specimen  from  Illinois. 

Species  group  macra 

This  species  group,  which  includes  5  species  in  North  America,  is  represented  by  three 
species  in  Illinois;  two  of  these  were  previously  unreported.  These  species  have  been 
poorly  collected  in  the  past  because  their  preferred  fungal  hosts,  Inonotus  spp.,  are  often 
cryptic,  the  basidiocarps  emerging  under  the  bark  of  dead  trees  and  therefore  being 
inconspicuous.  For  this  reason,  earlier  works  give  no  data  regarding  their  fungal  hosts. 

All  of  these  species  are  characterized  by  a  strongly  margined  epistomal-frontal  region  of 
the  head,  with  sharp,  right-angled  apical  angles  (Fig.  7).  In  addition,  the  antennae  are 
entirely  black  beyond  segment  2  and  clothed  with  coarse  black  setae. 

Triplax  macra  LeConte 

Diagnostic  Description.  This  is  one  of  the  three  species  in  species  group  macra  that 
occur  in  Illinois.  Superficially,  Triplax  macra  appears  quite  similar  to  T.  frontalis,  from 
which  it  can  be  distinguished  by  its  red  head  and  strongly  expanded  antennal  club, 
antennomere  #10  being  three  times  as  wide  as  antennomere  #7.  The  uniformly  black 
elytra  will  easily  distinguish  T.  macra  from  T.f estiva.  Overall  length  ranges  from  4.95  to 
6.45  mm. 

Range.  Eastern  and  central  North  America,  ranging  in  the  north  from  Maine  and  Ontario 
westward  to  Minnesota,  and  in  the  south  from  North  Carolina  to  northeastern  Texas.  This 
species  is  unevenly  distributed,  with  large  gaps  within  the  known  distribution.  This  may 
be  a  result  of  being  poorly  collected,  as  suggested  above,  rather  than  an  actual  disjunct 
distribution.  Previously  unreported  from  Illinois,  we  have  collected  it  in  east  central 
Illinois,  where  it  was  taken  together  with  T.  frontalis  and  T.f  estiva.  In  addition,  we  have 
seen  3  specimens  from  Pope  Co.  and  there  are  3  specimens  in  the  Ulke  Collection 
(Carnegie  Museum)  labelled  "Ill."  (see  Fig.  17). 

Biology.  In  1990  we  collected  a  series  of  26  specimens  of  this  species  in  Inonotus 
andersonii  and  we  have  one  additional  host  record  from  Inonotus  rheades.  Adams  (1908) 
reported  this  species  from  Pleurotus  ostreatus.  It  would  be  impossible  to  confuse  the 
conspicuous  white  gilled  fungus  Pleurotus  with  the  cryptic  orange-yellow  Inonotus ,  but 
easy  for  the  non -specialist  to  confuse  Triplax  thoracica  with  T.  macra.  Therefore  we  treat 
Adams'  record  with  suspicion. 

Our  Illinois  records  of  T.  macra  are  from  May  and  June.  However,  we  have  North 
American  records  for  every  month  from  March  to  September.  The  immature  stages  are 
undescribed. 

Specimens  Examined.  We  have  examined  a  total  of  77  specimens,  of  which  32  are  from 
Illinois. 
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Triplax  festiva  Lacordaire 

Diagnostic  Description.  This  is  the  most  striking  species  in  the  genus,  easily  recognized 
by  the  broad  band  of  orange  crossing  the  elytra  at  the  mid-point  (Fig.  13).  The  antennae 
are  similar  to  those  of  T.  macra,  antennomere  #10  being  three  times  wider  than 
antennomere  #7.  In  contrast  to  macra ,  however,  antennomere  #8  is  somewhat  wider  and 
more  triangular  than  antennomere  #7,  as  is  seen  in  most  species  of  Triplax.  Overall 
length  ranges  from  4.42  to  6.49  mm. 

Range.  Eastern  and  central  United  States,  although  more  southern  in  distribution  than  T. 
macra.  Triplax  festiva  ranges  from  Vermont  and  New  York  south  to  Florida  in  the  east, 
westward  to  Michigan,  Missouri,  Arkansas,  Oklahoma  and  Texas.  Although  previously 
unreported  from  Illinois,  we  have  specimens  from  six  localities  in  the  southern  half  of  the 
state,  including  specimens  taken  as  far  north  as  Cumberland,  Clark  and  Coles  counties 
(Fig.  17). 

Biology.  We  have  collected  this  species  on  numerous  occasions,  both  in  the  adult  and 
larval  stage,  from  Inonotus  spp.  (Skelley,  Goodrich  &  Leschen  1991),  In  Illinois  we 
have  collected  it  in  Inonotus  andersonii  and  I.  cuticularis  (previously  known  as 
Polyporus  cuticularis).  As  noted  earlier,  I.  andersonii  has  cryptic  basidiocarps,  which 
may  account  for  the  fact  that  the  hosts  of  Triplax  festiva  were  unknown  until  recently  and 
probably  also  explains  why  this  species  was  unreported  from  Illinois  until  now.  In 
addition  to  collections  with  its  host  fungi,  Triplax  festiva  has  been  collected  in  flight 
traps  and  leaf  litter  samples  in  Illinois. 

Adult  specimens  have  been  taken  in  Illinois  as  early  as  17  April  and  as  late  as  19 
October;  in  the  southern  states  they  have  been  collected  in  almost  every  month  of  the 
year.  The  immature  stages  have  been  described  by  Skelley  (1988). 

Remarks.  As  an  adult,  Triplax  festiva  is  often  collected  with  other  members  of  the 
species  group  macra.  We  have  found  it  with  both  T.  macra  and  T.  frontalis  in  Illinois, 
and  have  collected  it  with  T.  alachuae  Boyle  in  Florida 

Specimens  Examined.  We  have  examined  a  total  of  1,407  specimens,  of  which  75  are 
from  Illinois. 

Triplax  frontalis  Horn 

Diagnostic  Description.  This  species  most  closely  resembles  Triplax  macra ,  but  is 
readily  distinguished  from  that  species  by  the  black  head  and  the  narrower  antennal  club, 
antennomere  #10  being  not  more  than  twice  as  wide  as  antennomere  #7.  Overall  length 
ranges  from  3.93  to  5.87  mm. 

Range.  Eastern  and  central  United  States,  ranging  in  the  north  from  New  Jersey  and 
Pennsylvania  as  far  west  as  Iowa  and  Nebraska,  and  in  the  south  from  Georgia  and 
northwestern  Florida  west  to  east  Texas.  In  Illinois,  we  have  recorded  it  from  six 
counties  (Fig.  17),  widely  scattered  over  the  state. 

Biology.  As  with  the  two  preceding  species,  we  have  taken  adults  and  larvae  of  Triplax 
frontalis  from  Inonotus  spp.  (Skelley,  Goodrich  &  Leschen  1991).  In  Illinois  we  have 
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collected  it  from  Inonotus  andersonii  and  Inonotus  cuticularis,  in  each  case  finding  it  in 
association  with  adults  of  one  or  more  other  species  in  species  group  macra.  In  addition, 
we  have  successfully  reared  the  larvae  from  /.  andersonii. 

Adult  specimens  have  been  taken  in  Illinois  from  April  to  October.  Further  to  the  south 
(in  Oklahoma)  it  has  been  collected  as  early  as  March  and  as  late  as  December.  The 
immature  stages  are  undescribed,  although  we  have  an  excellent  series  of  larvae  and  pupae, 
reared  from  material  collected  in  Illinois,  which  we  intend  to  describe  in  the  future. 

Remarks.  One  field  observation  is  worthy  of  note.  On  1  May  1990,  we  collected  a  series 
of  4  adult  Triplax  frontalis  in  association  with  26  adult  T.  macra  and  32  T.festiva.  At 
the  same  time  a  quantity  of  the  host,  Inonotus  andersonii ,  was  collected  as  well.  The 
host  material  proved  to  be  filled  with  Triplax  larvae,  which  we  reared.  We  preserved  53 
specimens  as  larvae  and  12  as  pupae,  rearing  the  remaining  235  specimens  to  the  adult 
stage.  All  the  adults  reared  from  this  sample  were  T.frontalis\  This  would  suggest  that 
there  is  a  partitioning  of  the  larval  environment,  as  we  have  reared  T.festiva  from  other 
Inonotus  species  on  numerous  other  occasions  (Skelley,  Goodrich  and  Leschen  1991).  As 
with  the  species  group  thoracica  in  their  relationship  with  Pleurotus ,  members  of  the 
species  group  macra  may  also  have  a  temporal  partitioning  of  the  larval  habitat. 

Specimens  Examined.  We  have  examined  a  total  of  435  specimens,  of  which  320  are 
from  Illinois. 


This  is  the  second  in  a  series  of  three  papers  covering  the  Erotylidae  of  Illinois.  We 
would  be  pleased  to  examine  and  identify  any  New  World  members  of  the  family  to  add  to 
our  seasonal  and  distributional  data. 
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Figs.  1-2.  Right  metatarsus  of  adult.  1.  Dacninae  -  Megalodacne  fasciata  (Fabricius). 

2.  Tripacinae  -  Ischyrus  quadripunctatus  (Olivier).  Line  =  1.00  mm. 

Figs.  3-4.  Left  maxillary  palp  of  adult.  1.  Dacninae  -  Megalodacne  fasciata  (Fabricius). 
2.  Triplacinae  -  Ischyrus  quadripunctatus  (Olivier).  Line  =  0.25  mm. 
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Figs.  5-6.  Ventral  view  of  prothorax.  (Redrawn  from  Boyle  1956.)  5.  Triplax frosti 
Casey  6.  Tritoma  biguttata  (Say). 

Figs.  7-8.  Anterodorsal  view  of  head  without  mouthparts.  (Redrawn  from  Boyle  1956.) 

7.  Triplax  macra  LeConte  8.  Triplax  thoracica  Say. 

Figs.  9-10.  Antennae.  9.  Triplax  flavicollis  Lacordaire.  10.  Triplax  dissimulator 
(Crotch). 
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Fig.  11.  Dorsal  habitus  of  Ischyrus  q.  quadripunctatus  Olivier).  Line -2.0  mm. 
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Fig.  12.  Dorsal  habitus  of  Triplax  thoracica  Say.  Line  =  2.0  mm 
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Fig.  13.  Dorsal  habitus  of  Triplax  festiva  Lacordaire.  Line  =  2.5  mm 
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Figs.  14-17. 
Fig.  14. 
Fig.  15. 
Fig.  16. 
Fig.  17. 


Distribution  in  Illinois  of  Triplacinae. 
Ischyrus  q.  quadripunctatus  (Olivier) 
Triplax  thoracica  Say. 

Triplax  flavicollis  Lacordaire. 

Triplax  of  the  species  group  macra.  H 
festiva.  •  =  Triplax  frontalis. 


Triplax  macra. 


A  =  Triplax 
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ABSTRACT 

The  three-toed  box  turtle,  Terrapene  Carolina  triunguis ,  may  now  be  established  in  the 
state  of  Illinois.  While  common  in  the  adjoining  state  of  Missouri,  T.  c.  triunguis  has 
not  been  considered  as  part  of  the  natural  herpetofauna  of  Illinois.  A  fourth  confirmed 
Illinois  specimen  is  described  herein  from  Jackson  County.  This  specimen,  along  with 
the  three  previously  reported  Illinois  specimens,  was  collected  in  the  Mississippi  Border 
vegetational  division  of  the  state  and  was  also  in  close  proximity  to  the  Mississippi 
River.  Terrapene  Carolina  triunguis  is  known  to  interbreed  with  T.  c.  Carolina ,  which 
occurs  in  Illinois  and  is  sympatric  with  the  specimens  of  T.  c.  triunguis  collected  in 
Illinois.  The  status  and  biogeography  of  T.  c.  triunguis  may  have  important  implications 
for  the  population  genetics  of  box  turtles  in  Illinois. 

INTRODUCTION 

The  three-toed  box  turtle,  Terrapene  Carolina  triunguis ,  is  poorly  known  from  within 
Illinois  (Smith,  1961)  and  is  not  now  considered  native  to  the  state  (Morris  et  al.,  1983). 
Although  widely  distributed  throughout  the  adjoining  state  of  Missouri  (Johnson,  1987), 
the  eastern  distribution  of  the  three-toed  box  turtle  has  apparently  been  limited  by  the 
Mississippi  River  (Smith,  1961).  In  addition  to  the  T.  c.  triunguis  reported  by  Smith 
(1961)  from  Calhoun  County,  Paukstis  and  Janzen  (1988)  described  a  specimen  from 
Union  County,  and  another  was  reported  from  Monroe  County  by  Gilbert  and  Gilbert 
(1992).  Both  papers  speculated  on  the  possibility  of  naturally  occurring  populations  of 
this  subspecies  in  Illinois.  Indeed,  the  discovery  of  the  specimen  reported  herein  raises 
further  questions  regarding  the  status  and  distribution  of  T.  c.  triunguis  in  Illinois.  This 
paper  reports  another  specimen  from  Illinois  and  discusses  mechanisms  by  which  T.  c. 
triunguis  may  enter  the  state. 
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DESCRIPTION 

An  adult  male  T.  c.  triunguis  was  collected  on  27  April,  1990  in  Jackson  County, 
Illinois.  The  specimen  was  found  approximately  100  m  south  of  Shawnee  National 
Forest  Route  787  (2.3  km  west  of  the  junction  of  Illinois  Route  3  and  Forest  Route  787) 
on  a  heavily  wooded  slope  in  an  area  known  as  Fountain  Bluff.  The  size  of  the  specimen 
was  as  follows:  straight  line  carapace  length  =123  mm;  straight  line  carapace  width  at 
mid-body  =  93  mm;  plastron  length  =  123  mm;  plastron  width  at  hinge  =  70  mm.  The 
plastron  was  solid  yellow  and  white  in  coloration  and  there  was  a  faint  pattern  on  the 
carapace.  The  specimen  had  red  eyes,  extensive  red  markings  on  the  head  and  there  were 
three  toes  on  each  of  the  hind  feet.  Photographic  slides  of  the  specimen  are  in  the 
herpetological  collection  of  the  Illinois  Natural  History  Survey. 

DISCUSSION 

The  site  where  this  specimen  was  observed  falls  between  the  locations  of  two  of  the 
previously  documented  specimens  of  T.  c.  triunguis  in  Illinois  and,  as  with  the  other  two 
specimens,  was  in  close  proximity  to  the  Mississippi  River  (see  Figure  1).  All  three 
previously  documented  specimens  were  found  within  the  Mississippi  Border  vegetational 
division  (Vestal,  1931).  Explanations  for  the  presence  of  this  subspecies  in  Illinois  are: 
(1)  more  individuals  are  released  into  Illinois  from  captivity;  (2)  turtles  cross  the 
Mississippi  River  periodically  but  do  not  survive;  (3)  specimens  are  collected  but  are  not 
properly  identified  or  reported  in  the  literature;  (4)  T.  c.  triunguis  cross  the  Mississippi 
River  but  the  characteristic  traits  become  absorbed  into  the  gene  pool  of  existing 
populations  of  T.  c.  Carolina. 

The  possibility  that  the  specimen  described  herein,  as  with  other  reported  Illinois 
specimens  of  T.  c.  triunguis ,  was  introduced  by  humans  cannot  be  overlooked.  Several 
specimens  of  T.  c.  triunguis  reported  from  northern  Illinois  were  undoubtedly  introduced 
(Dancik,  1974;  Ludwig  et  al.,  1992).  Box  turtles  are  often  kept  as  pets  and  may  be  re- 
released  at  a  later  date.  Additionally,  T.  c.  triunguis  appears  frequently  in  pet  stores  and,  as 
such,  may  be  transported  considerable  distances  between  capture  and  release.  One  of  us 
(GLP)  has  had  conversations  with  the  owner  of  a  Chicago  area  pet  store  that  regularly  had 
T.  c.  triunguis  in  captivity.  The  owner  would  "rescue"  box  turtles  that  were  in  poor 
health  from  commercial  pet  distributors,  keep  them  in  captivity  until  healthy  and  release 
the  healthy  turtles  in  the  state  of  Missouri,  regardless  of  the  turtles'  origins.  Similar 
situations  may  result  in  individuals  being  released  into  Illinois.  The  Fountain  Bluff  area, 
while  not  heavily  travelled,  is  known  for  its  scenic  views  of  the  Mississippi  River  Valley 
and  may  have  been  a  likely  site  to  release  a  pet  turtle. 

The  lack  of  reports  on  T.  c.  triunguis  in  Illinois  seems  unlikely  to  be  related  to  the 
inability  of  this  subspecies  to  survive  in  the  state.  The  shores  of  both  sides  of  the 
Mississippi  River  are  separated  by  less  than  0.5  km  in  some  places,  so  that  climatic 
differences  would  seem  minimal.  Also,  both  areas  are  similar  in  having  tracts  of  closed 
woodlands  since  pre-settlement  times  (Schroeder,  1981;  Anderson,  1991). 
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Specimens  of  T.  c.  triunguis  may  be  collected  in  Illinois  but  are  not  properly  identified. 
Both  T.  c.  triunguis  and  T.  c.  Carolina  are  highly  variable  in  coloration  and  commonly 
remain  inside  their  shells  for  extended  periods  of  time,  making  observation  of  the  hind 
digits  difficult  (pers.  obs.).  Specimens  of  T.  c.  triunguis  may  also  have  been  collected  and 
identified,  but  not  reported  in  the  literature  (see  Paukstis  and  Janzen,  1988). 

Finally,  T.  c.  triunguis  may  cross  the  river  and  reproduce  with  T.  c.  Carolina. 
Interbreeding  could  result  in  the  triunguis  phenotype  being  absorbed  into  the  gene  pool 
thereby  masking  triunguis  characters  and  the  frequency  of  the  subspecies'  occurrence  in 
Illinois.  Intergrades  could  result  in  the  misidentification  of  turtles  encountered  in  the 
field. 

If  T.  c.  triunguis  occurs  naturally  in  Illinois  the  question  exists  as  to  how  this  subspecies 
may  cross  the  Mississippi  River.  Swimming  and/or  flooding  provide  the  most  obvious 
ways  in  which  Terrapene  could  cross  the  Mississippi  River.  The  swimming  abilities  of 
Terrapene  have  been  documented  (Lathan,  1916;  Schwartz  et  al.,  1984  for  e.g.). 
Terrapene  c.  triunguis  occurs  along  the  entire  length  of  Missouri  bordering  the 
Mississippi  River  (Johnson,  1987).  Box  turtles  that  enter  the  river  and  swim  from  west 
to  east  potentially  have  the  entire  length  of  the  state  to  land  while  being  carried 
downstream.  Similarly,  rafting  on  logs  or  other  floating  material  could  allow  box  turtles 
to  disperse  from  Missouri  to  Illinois  (e.g.,  Heger  and  Sherrin,  1991).  Areas  where  the 
river  meanders  and  flows  to  the  east  might  help  propel  a  swimming  or  rafting  turtle 
toward  Illinois.  Numerous  islands  located  in  the  river  channel  may  also  provide  resting 
sites  for  turtles. 

Islands  in  the  river  are  of  interest,  because  their  positions  may  change  due  to 
modifications  in  the  course  of  the  main  river  channel.  Some  islands  that  formed  from 
erosion  and  meandering  of  the  river  originate  from  land  that  was  attached  to  Missouri.  In 
some  instances  these  islands  later  became  attached  to  Illinois  or  were  separated  from 
Illinois  by  a  relatively  narrow  body  of  water  (for  example,  see  location  of  Grand  Tower 
Island  on  United  States  Geological  Survey  maps  from  1924,  Alto  Pass  quadrant,  and 
1978,  Wolf  Lake  quadrant).  This  movement  of  land  from  Missouri  to  Illinois  may 
provide  a  mechanism  for  box  turtles  and  other  organisms  to  be  transported  across  the 
river. 

The  presence  of  this  additional  specimen  does  not  prove  that  T.  c.  triunguis  is  now 
established  in  Illinois.  However,  the  authors  believe  that  it  is  likely  to  become 
established  by  natural  mechanisms  or  through  human  intervention.  Additional  study  of 
the  biology  and  biogeography  of  T.  c.  triunguis  would  prove  valuable.  The  distribution 
of  T.  c.  triunguis  in  Illinois  overlaps  that  of  T.  c.  Carolina  and  T.  ornata,  both  of  which 
may  possibly  interbreed  with  T.  c.  triunguis  (Clark,  1935;  Shannon  and  Smith,  1949; 
Smith,  1955;  Milstead,  1969;  Barbour,  1971).  This  interesting  biogeographic 
arrangement  may  provide  population  biologists  with  an  excellent  opportunity  to  examine 
colonization,  gene  flow,  and  the  genetic  relationships  of  Terrapene  in  Illinois. 
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Figure  1.  Locality  records  for  Terrapene  Carolina  triunguis  in  Illinois.  A  =  location  of 
specimen  reported  in  this  study  (Jackson  County,  2  km  from  river).  B  = 
Gilbert  and  Gilbert,  1992  (Monroe  County,  10  km  from  Missouri).  C  = 
Paukstis  and  Janzen,  1988  (Union  County,  4  km  from  river).  D  =  Smith, 
1961  (Calhoun  County,  several  meters  from  river).  Note:  the  specimens 
reported  by  Dancik,  1974  and  Ludwig  et  al.,  1992,  are  not  considered  to  be 
naturally  occurring  and  have  not  been  included  on  this  map. 
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